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FOREWMORD

This report was prepared for the Night Vision and Electro-Optics

Laboratory, Fort Belvoir as part of a special task entitled "Handbook of

Properties of Optical Materials". This special task was conducted by IIT I

Research Institute, Chicago under the Guidance and Control Information

Analysis Center (GACIAC), Contract DLA900-80-C-2853.

This report summaries the literature review of optical materials

including electro-optical, acousto-optic, passive and detector materials.

In particular the structural, chemical, electrical and optical properties of

these materials have been presented. The data presented are based on the

available unclassified published literature. Although appropriate care has - -

been taken to synopsize the referenced materials, any suggestions for

improvements will be welcome.

This program was administered under the direction of NV&EOL with

Dr. T. Cox as Project Engineer. Dr. N.P. Murarka was the IITRI Program
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1. INTRODUCTION

The properties of materials for optical components in optical systems in 0

the infrared are of importance for the design of the system. A knowledge of

the optical, physical, thermal, electrical and mechanical properties of the

optical materials enables the selection and trade-off analysis for components

and optical system requirements. The collection and compilation of the .

properties of optical materials in the infrared in a handbook form provides an

accessible reference for various properties. In this "Handbook of Properties

of Optical Materials" in the Infrared, four general classes of materials are

included. They are: a) Electro-Optic Materials, b) Acousto-Optic Materials,

c) Detector Materials, and d) Passive Components. The listed properties are:

o Structure: Crystal structure

Lattice constant

o Physical Properties: Molecular weight

Density

Solubility in water
o Thermal Properties: Melting/softening temperature

Linear expansion coefficient

Thermal conductivity

Specific heat

o Mechanical Properties: Young's modulus

Hardness

Elastic constants

Modulus of rigidity

o Electrical Properties: Dielectric constant

Resistivity S

Band gap energy

Effective mass

Mobility

e Optical Properties: Transmission
Reflection
Expansion coefficient

Dispersion equation

- ---- --.
1. .- '
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In addition the relevant properties that characterize a particular physical

process or phenomenon for each class of material are included.

The data Is collected from a thorough literature search and presented in

the form of tables and graphics. The literature search includes: a) technical

journals, review articles and reports, b) text books, c) conference and

symposia proceedings, d) indexing and abstract services, e) vendors' product

specification sheets, f) bibliographies and g) private communications. The
data collected is most recent to the extent possible; however, the reader

should consult the original work to determine the reliability or accuracy of

the measurements. References for the most pertinent properties are included

for each material.

2
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2. DEFINITIONS

The physical, thermal, mechanical, electrical and optical properties of

several infrared materials are presented in Appendix A. The definitions of

the properties described in this report are given below followed by the

generic characteristics of the electro-optic acousto-optic, passive and

detector materials.

2.1 Basic Properties Definitions

2.1.1 Physical Properties (1 )

SolubilityU. olecular Weight, and Specific Gravity

The solubility of an optical material is a measure of its tendency to be

attacked by water or other chemicals. When a sample is immersed in water long

enough to establish a saturated solution, the sample's difference in weight

(before and after) is a measure of the amount of solute, which is specified as

the number of grams of the material in 100 g of water (100 ml). Many

* substances with values of the parameter less than 10-3 have been listed as

: insoluble.

Specific gravity is the ratio of the density of a substance to that of

water. Since water has a density of about 1 g/ml, or 62.5 lb/ft3 , one can

easily calculate the density in either system of units, but specific gravity

is dimensionless.

2.1.2 Therml Properties(1"

It generally requires different amounts of energy to increase equal

masses of different materials by the same temperature increment. The energy

required to raise a unit mass of material 1 degree is called the specific heat

or specific-heat capacity. In the cgs system, the units are cal/(g)(*C). In

the SI system they are J(kg)(C. In the English system they are

Btu/(lb)(F). The heat capacity can be defined thermodynamically as

Cv dQ1  or Cp d

v P2

= C and cp C

m m p

3



. The heat capacity at constant volume is the change in energy of a substance

for a given change in temperature when the substance is held at constant

volume. The heat capacity at constant pressure is the change in heat divided -

by the change in temperature at constant pressure. The corresponding specific

heats normalize these to unit mass, as indicated. In practice, all specific-

heat values for optical materials are at constant pressure, not constant

volume. Thus, symbolically, all measurements given herein are for cp. 0

Specific heats are by definition equal in the cgs, inks [in which one uses

kcal/(kg)(*C)], and English systems.

When heat is applied to one end of a bar of material, the heat is

conducted by the bar along its length (ignoring end affects). The thermal

conductivity of the material is a measure of its tendency to allow this heat

to flow. The defining equation is

dQ d-=kA d-
d-x

where Q = heat energy

t = time

A = cross-sectional area

T = temperature

x = length coordinate of bar

k = thermal conductivity

* The most common units for thermal conductivity are cal/(s)(cm(°C) and

* Btu/(in)(h)(R); another useful unit is W/(m)(K). The relationship between

them are

1 Btu/in)(h)(R) = 20.75 W/(cm)(K) = 178.6 cal/(s)(cm)(K)

When heat is applied uniformly to a bar of material, the bar changes its

length. The change in length may be divided by the original length to obtain

a relative change. This relative change in length per degree temperature

" change is the coefficient of linear expansion, usually designated a:

1L 

4
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It can be shown that the bulk expansion, usually designated by 8, is just 3

times a. The linear expansion can be expressed as a series:

a = A x 10 6 + B x 108T + C x 10-11T2

The coefficient A corresponds to the linear change of the coefficient of

linear expansion and has the dimensions of reciprocal temperature; B and C -

have units of reciprocal square and reciprocal cube of temperature,

respectively.

2.1.3 Mechanical Proiierties (1 )

Elastic Coefficients

Hooke's law states that for small deformations the strain on a solid is

* proportional to the stress. The constants of proportionality in the

differrent directions are the elastic stiffness constants chk, which have .6

units of pressure in bars.

Elastic Moduli

Data sheets include data for Young's modulus. The units are pounds per

square inch. Young's modulus is usually defined as the ratio of stress to

* strain. Here the stress is the force per unit normal area and strain is the

fractinal change in length.

Hardness -6

Values of hardness for several materials are given in Knoop values with

, the indenter aligned in either the £100] or the [110] direction and the

indenter load is given when known. Where Knoop values were not available,

* Mohs or Vickers values are given.

2.1.4 Electrical Propert)es -'

Dielectric Constant

The dielectric constant is a variable depending upon frequency and
temperature, among other things; permittivity may be a better name. The

Sdisplacement D is related to the electric field strength E by the

permittivity; D = cE. For free space D = %E, and for most materials

5



Resistfvity

In an optical material where ohmic conduction occurs the current density

J is given by J = E/p where p is the resistivity and E is the applied electric

field. In a homogeneous isothermal crystal p is a tensor having the symmetry

of the crystal.

Band Gap Energy

According to quantum theory an electron bound to an atom can exist in

only a limited number of discrete energy states. A large number of noninter-

acting identical atoms will all have the same set of allowed discrete energy

states. If now the atoms are brought closer together and finally to their

actual distance in a solid, they begin to interact and the energy levels will

split. In a periodic array of atoms (crystalline solid), the allowed states

tend to cluster into continuous groups of energy levels called energy bands.

In an optical semiconductor, the highest occupied energy band (valence band) S

is completely filled at absolute zero. The band gap energy is the energy

difference between the valence band and the next higher band (conduction

band).

Effective Mass "

Near the top or the bottom of a band, the energy is generally a quadratic

function of the wave vectors, so that by analogy with the expression

E = p2/2m = t12k2/2m for free electrons we can define an effective mass m* such

that a2E/ak 2 = 112/m* (p = momentum, k = wavevector, 11 = Planck's constant/2r).

The effective mass of an electron is positive. Near the top of a band m* is

negative, so that the motion corresponds to that of a positive charge (hole).

Mobility

The drift mobility of charge carriers is defined as the drift velocity

per unit applied electric field.

2.1.5 Optical Properties

Absorption, Reflection, and Transmission

When light is incident on a plane-parallel plate of material, some is

reflected, some is absorbed, and some is transmitted.

6
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In general, the light is reflected many times from side to side. If the

sum of all light is considered,

10 =1I + IA + IT  
:

R  'AR A T

R + A + -TTo + +
0 0 0

where 10 incident flux density

1R = reflected flux density
IA = absorbed flux density

IT = transmitted flux density
p = reflectance

ct = absorption

= transmittance

Specifically, T is the external transmittance, a measurable quantity. The

ending "ance" is used to indicate that these are properties of a given

sample. If the sample does not scatter but only absorbs and reflects, the

relationship between I1 and 12 is exponential: 4,0

1 e-ax

where a = absorption coefficient

x = sample thickness
Tint = internal transmittance

Then it follows that

(1 - p)2eax

1 - e2ax

A plane wave incident normally on a flat, specular, absorbing surface will

have the reflectivity given by Fresnel

in ik +-.2

7
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where k = extinction coefficient = 4ra/A 4wa/nxo
A = wavelength of light in medium

n = refractive index of medium

No = wavelength of light in vacuum

The substitution of these equations into each other leads to complicated

expressions omitted here. Transmission data given in this section is usually S

external transmittance. Absorption-coefficient data are for a, as in the

equations above. Some extinction coefficients are given as defined above and

not the quantity determined by
*1

= nI - ik)

External-transmittance data are usually those found experimentally with a

double-beam spectrophotometer, or they are corrected data from a single-beam -

system. Absorption-coefficient data are usually obtained 
by measuring the

transmittance of two samples:

(1 - pL)2e -akxk (1 -p2e -a2X2

T =T ---T1 =2a2x 2  2 a 2 0 
I - I - p22e -

If the reflectances and absorption coefficients are the same (p P2 and a, a2).
then ln T1 - ln T2

aS

but only if
1 - p2e 2ax2 _

p2e-2ax "

Ths correction factor can be accounted for by checking with the original

equations.

A more elegant way to obtain an absorption coefficient is through the

measurement of emittance. From the expressions given by McMahon (2 ), sample

emittance is given by

.= (1-P (- tint) -

1 - Ptint

8
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This equation for small a" reduces to the simple relationship

a
X

Thus emittance data can be converted into absorption-coefficient data by

dividing by the thickness.

Another method should be mentioned where the sample is illuminated with a

single beam from a laser. The rise in temperature of the sample is related to

the amount of energy absorbed and the thermal conductance, convective losses,

and reradiation by the sample. This method is most useful for large input in

a short time. 6

Refractive Index
(2 )

For a nonabsorbing medium the refractive index n is given simply as the

ratio of the velocity of light in vacuum c to that in the sample v .0

n cnv

The relative refractive index is the ratio of the index of one medium to that

of another; for instance,

nmat

nrel n air

. This is the refractive index of a material relative to that of air. All the

* data in this section are refractive indexes of the material relative to the

*' refractive index of air rather than to that of vacuum. Of course materials

vary from sample to sample, and these data are only representative.

For anisotropic materials, data are given for the direction of principal

- interest within the crystal.

I*. Data for the change in refractive index with temperature are sometimes . "

obtained by measuring the index at different temperatures and sometimes by

interferometric measurements.

9S
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The dispersion curves are usually obtained by fitting the data to a

Cauchy Sellmeier, or Herzberger equation. Least-squares fits are generally -

used. 0

2.2 Electro-Optical Materials

Control of optical path length may be accomplished by applying an -

electric field to certain types of optically transparent crystals. The change

in path length can be employed to change the orientation of the polarization

of a transmitted light wave. By using such crystals with polarizers, light

modulation may be achieved by application of a time varying electric field.

In principal, this modulating effect may be regarded as a second order effect

in the superposed fields of the light wave and the applied control signal.

The physical manifestation of the superposed fields is a change in the

refractive index which is at best on the order of I0 3 . While this is

marginal for steering of light beams by change of the deflection angles of

prisms, it is more than adequate for modulating the phase, and hence by

interference the intensity of visible or near infrared light.

The electro-optic coefficients do not exhibit much dependance on

* wavelength. However, the phase change for a given refractive index difference

is inversely propertional to wavelength and substantial modulation becomes

increasingly more difficult toward the farther infrared.

Refractive index changes proportional to the square of an applied field ..

are permitted by symmetry in all materials, but are significant only in

strongly polar substances. The linear electro-optic effect occurs only in

acentric crystals. The form of the electro-optic tensor is determined by the

point group symmetry of the crystal. Only the 21 acentric groups (those

lacking a center of inversion) may have nonvanishing coefficients.

The electro-optic effect in crystals is essentially a change In the . -

• crystalline birefringence when an electric field is applied. The refractive

index of a crystal is described by an index ellipsoid.

Bij xix j = 1 =Bll X 21 + B22 X2 + B3 3 x3
3 + 2B12 X1x2

+ 2B13 x1x3 + 2B2 3 x2x3

10
* . ., .'
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S

with atJ = B j

and Bj = c E1  I and

where co = the vacuum permittivity and e the relative dielectric constant.

The electro-optic coefficient rijR = reR is defined by

A8Bij = rijkEk

B= rlkEk
:S

The indices i,j,k run from 1 to 3 and 1 = (ij) refers to the six reduced

combinations 1 a 11, 2 a 22, 3 = 33, 4 = 23, 5 = 13, 6 = 12 of the electro-

optic coefficients. If rij are determined at constant strain, for example at

frequencies well above the acoustic resonances, the crystal is clamped and the

electro-optic coefficients are denoted S If rij are determined at

constant stress for example at low frequencies well below the acoustic

resonances, the crystal is said to be free and the electro-optic coefficients

are denoted r~j. The symmetry of the crystal determines which electro-optic

coefficients are non-zero.

The polarization P induced in a material subject to electromagnetic

radiation with electric field E is given by

P = OX1E

where o is the permitivity of the free space and x
1 is the linear optical

susceptibility of the medium. The linear susceptibility x1 is related to the _

index of refraction, n, of the medium by:

1• xI = n2 - 1.

- For large values of optical electric field the induced polarization can be

• :represented as a series:

P Co [x1 E + (2) +E 2 + .... 

,o1



where X(2 ) and X(3 ) are the non-linear optical susceptibilities of the medium

and are responsible for a large variety of non-linear optical phenomena. For

example, the quadratic polarization gives rise to the phenomena of second 0

harmonic generation (SHG), d.c. rectification, linear electro-optic or

Pockel's effect and parametric generation. For the case of SHG, the second

order polarization at the harmonic frequency is given by:
S

p 2W  3 Wo 3
PkE dijk Ej Ek

jk=1

The SHG coefficient dijk is a third rank tensor and satisfies the permutation S

symmetry between j and k. In the reduced notation, j and k are replaced by 1,

which takes the values from 1 to 6. In the contracted form, the components of
second order polarization at the harmonic frequency 2w can be written in the

form

I- d11 d12 d13 d14 d15 d16  [E 2 -iI d1d2d2  2  2  d2

'2

Ey z

2E Ex y

The number of non-vanishing independent elements of the second harmonic tensor

depends on the point symmetry group for the medium.

2.3 Acousto-Optic Materials

The interaction of light waves with sound waves in certain types of

transparent crystals makes possible the control of optical beams in

applications involving the transmission, display and processing of intelli- _9

. gence. A sound wave consists of sinusoidal perturbation of the density of the

material, or strain which travels at the sound velocity. A change in the

density of the medium causes a change in its index of refraction, which is to

first order directly proportional. For an optical beam incident at an angle

12
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on the sound wave in the material, the sound wave acts as a series of

partially reflecting mirrors, which cause a diffraction of the beam.

The fraction of the power of the incident beam transferred in a distance

1 into the diffracted beam is

Sd n2 61S- sin An
0

It is advantageous to express the diffraction efficiency in terms of the

acoustic intensity, Ia, in the diffraction medium. First it is necessary to

relate the index change An to the strain s, .

An - s

where p is the photoelastic constant of the medium. The strain s is related .

to the acoustic intensity by

s a

where vs is the velocity of sound in the medium and p is the mass denisty. In

terms of the above, the fraction of the incident beam transferred to the

diffracted beam is

d = s i n 2 I - -p , I a

i  fA t  3 a /
s  _

The diffraction figure of merit M is defined by the following

Pv s

The diffraction figure of merit is commonly referenced to that of water

(Mwater 1). It should be noted that n, p and vs are all related to tensor

quantities and therefore vary with crystal orientation. A crystal cut to
S

13 ! . .
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maximize the'figure of merit is, of course, chosen for a device. Frequently

one finds several modified expressions for the figure of merit in the

literature. Two alternate expressions are:

pVs 5
7. 2

M = 0Pv5

These are applicable to particular device designs where constraints placed on

device geometry relate to material properties.
.

A high figure of merit is desirable, though not sufficient, for a

material to be suitable for device applications. In addition, the material

must have low optical and acoustic losses in its intended operating range and

must be available in high optical quality. Other desirable features are good -

mechanical properties and low cost. There is no single material that is the

best choice for all applications.

2.4 Passive Materials

The materials addressed in this section are among those that are _

routinely used to fabricate nonactive components in optical systems. They are

generally not excited by an external stimulus to alter the properties of a "-

light wave but may influence its direction by reflection, its intensity by

absorption, the shape of its wavefront by geometric shape or its polarization -

by asymmetry of their crystalline structure.

2.5 Detectors Materials

Semiconductor detectors are radiation tranducers that change incident

radiation into an electrical signal. The methods of transduction can be

separated into two groups: thermal detectors and photon detectors. The

optical materials for thermal detectors are sensitive to changes in

temperature brought about by changes in incident radiation. The optical

materials for photon detectors are sensitive to changes in number or mobility

of free charge carriers, i.e., electrons and/or holes, that are brought about

by changes in the number of incident photons. Data on photon detector

materials compiled in the following pages is applicable to detectors whose

response depends on photoconductive and photovoltaic processes.

14 S. . . . . . . . .. ...



In the photoconductive mode, a change in the number of incident photons

on a semiconductor causes a charge in the average number of free charge-

carriers in the material. The electrical conductivity of the semiconductor is 0

directly proportional to the average number of free charge-carriers in tne

material. Therefore, the charge in electrical conductivity is directly

proportional to the change in the incident number of photons on the

semiconductor.

In the photovoltaic mode a change in the number of photons incident on a

semiconductor p-n junction causes a change in number of free electron-hole

pairs which are separated by the internal electric field which is manifested
as a change in output voltage. '-

Since fluctuations in temperature of these materials due to either

radiative exhange with the background or conductive exchange with the heat

sink produce a fluctuation in signal voltage, detectors operating at longer
wavelengths are commonly reduced to temperatures far below ambient to suppress

noise related to thermally induced transitions. For any detector whose

performance is limited by noise due to fluctuations in the arrival rate of

background photons, there can be associated an upper temperature limit of

operation. This is referred to as the maximum temperature for BLIP (back-

ground limited impurity photoconductor).

The sensitivity of a detector is commonly specified in terms of NEP
(noise equivalent power). The NEP is the RMS value of the sinusoidally

modulated monochromatic radiant power incident upon a detector which gives

rise to an RMS signal voltage equal to the RMS noise voltage from the detector
in a 1 Hz bandwidth. Often the reciprocal of NEP, called the detectivity, is
used to specify detector sensitivity. When the detectivity is normalized to

take into account the detector area and electrical bandwidth dependance, the

resulting quantity is referred to as D*. This quantity is an inherent

property of the detector material and is independent of a specific device

design. A--

The response time of a detector material is a temporal figure of merit

generally related to the detector time obtained for excitation by a step

L
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function light pulse. The ultimate speed at which a photodetector responds to

radiant signals is ultimately determined by the time it takes generated

electrons and holes to be collected in the diode.

References

1. Driscoll and Vaughn, Handbook of Optics, McGraw Hill, Inc. (1978).

2. McMahon, H.O., J.O.S.A., 40 376 (1950). 0
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ARSENIC SELENIDE

STRUCTURE

AMORP4OtIS SOLin

SYMMETRY- --

LATTICE CONSTANTS - -

PHYSICAL PROPERTIES

MOLECULAR WEIGHT - 386.72 0

DENSITY -4.64

SOLUJBILITY IN WATER (9/100g of H2 0) -

IL THERMAL PROPERTIES

MELTING/SOFTENING TEMPERATURE (*K) = 493

LINEAR EXPANSION COEFFICIENT (*K') = 22 x 10O6

THERMAL CONDUCTIVITY (cal/cm-sec.*K) = Not available

SPFCIFIC HEAT (calIQ7)/*K Not available

MECHANICAL PROPERTIES

Yn1,Nr.S MODUL11S (psi x iO6) - 25

HARDNESS (Knoop) - 114

ELECTRICAL PROPERTIES

DIELECTRIC CONSTANT - -

RESISTIVITY- --

RAND GAP ENERGY - -

EFFECTIVE MASS - -

MOBILITY - -

A-2



ARSEWIC SELENIOE (As2 Se3 )

OPTICAL PROPERTIES

TRANSMISSION RANGE: 9 - 11n Optical Absorption Coefficient
= 0.079 cm" ( .= I.153 m)

DISPERSION EQUATION: --

ACOUSTO-OPTIC PROPERTIES

ACOUSTIC VIBRATION POLARIZATION DIRECTION = Longitudinal

ACOUSTIC VELOCITY (km/sec) = 2.25

LIGHT VIBRATION POLARIZATION DIRECTION1 = Parallel

FIGURE OF MERIT (142 = n6p 2/pv 3) - 720

ACOUSTIC ATTENUATION (dB/cm) at 500 MHz = 71.5
,•

References:

1. Y. Ohmahi and N. Uchida, J. Appl. Phys. 43, 1709 (1972).

2. J.A. Savage and S. Nielsen, Infrared Phys. 5, 195 (1965).
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ARSENSIC SELENIDE (As2Se3)

C - -- -Impurity bonds

600

'.O-ide

200

wavelength, U

The infrared transmission of purified selenide glass. The dashed curve

show impurity bands. As4OSe6O specimen thickness 0.175 can

2.810

*~2.800

.79

S2.780

2.770

4 a 10 12 14 1

wavelength, v

Variation of refractive index with wavelength

for As4O Se6O Glass.
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ARSENIC TRISULFIDE (Orpiment) .

As2S3

STRUCTURE

AMORPHOUS SOLID

SYMMETRY- --

LATTICE CONSTANTS- --

PHYSICAL PROPERTIES

MOLECULAR WEIGHT - 246.04

DENSITY (g/cni) -3.198

SOLUBILITY IN WATER (g/lOOg of H 0) = 5 X 10-5

rTiERMAL PROPERTIES

MELTING/SOFTENING TEMPERATURE ('K) = 483

LINEAR EXPANSION COEFFICIENT (*K-) = 24.6 X 10-6

THERMAL CONDUCTIVITY (cal/cmsec*K) = 4.0

SPECIFIC HEAT (callg)/*K - -

MECHANICAL PROPERTIES

YOUNGS MODULUS (PSI) - 2.3 X 10)6

HARDNESS (Knoop) - 109 (100g) -

MODULUS OF RIGIDITY (PSI) - 9.4 x 105.

MODULUS OF RUPTURE (PSI) - 2.4 x 1

ELECTRICAL PROPERTIES

DIELECTRIC CONSTANT (frequency 10 to lO6HZ) 8.1

RESISTIVITY

BAND GAP ENERGY

EFFECTIVE MASS

MOBILITY
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4

ARSENIC TRISULFIDE (As2 S3 )
, 0

OPTICAL PROPERTIES

TRANSMISSION RANGE: 0.6 13an Values of Constants:
5 X2j 2 ki

DISPERSION EQUATION: n2-1 1 0.0225 1.8983578
FOR INDEX OF REFRACTION =1 . 2-A 2 2 0.0625 1.9111979

3 0.1225 0.8765134
4 0.2025 0.1188704
5 750 0.0569903

ACOUSTO-OPTIC PROPERTIES

ACOUSTIC VIBRATION POLARIZATION DIRECTION
OF PROPOGATION' = Longitudinal

ACOUSTIC VELOCITY (km/s) = 2.6

LIGHT VIBRATION POLARIZATION DIRECTION
OF PROPOGATION = Parallel

FIGURE OF MERIT (42 = n pI/pv3 ) = 230-J0

ACOUSTIC ATTENUATION (dB/cm) at 500 MHz 45

References: 0

1. R.W. Dixon, J. Appl. Phys. 38, 5149 (1967).

2. S.S. Ballard, K.A. McCarthy and W.L. Wolfe, Optical Materials for
Infrared Instrumentation. IRIA Report No. 2389-11-S. Willow Run S
Laboratories, The University of Michigan, Ann Arbor.

3. D.E. McCarthy, Appl. Opt. _, 591 (1963).

4. W.S. Rodney, I.H. Mattison and T.A. King, J. Opt. Soc. Am. 48., 633 (1958).
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ARSENIC TRISULFIDE (AS2S3)

U 4
C.

4.A fe4.

IN------- ------ 31

waveengt, mironswavelength, microns

2rnmsino renctiufd;S Refl ectance of arsensic
thicknes% trisulfide.

2.640 .

2.600

2.480mao -

240000

L

3604

0.5 1.0 2.0 4.0 .0 Ian0 0 1.0 20 4.0 to0

VWLNT. MICRONS WAVLENGTH IN MICRONS

Refractive index versus wavelength dn/dt versus wavelength of

of arsenic trisulfide4. arsenic trisulfid.
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BARIUME FLUORIDE

BaF2

STRUCTURE

CRYSTALLINE

SYMMETRY - Cubic, Fm3ni

LATTICE CONSTANTS (A) - a =6.2007

PHYSICAL PROPERTIES

MOLECULAR WEIGHT - 175.36

DENSITY (g/cm3) 4.83

SOLUBILITY IN WATER (g/lOOg of 4.0) - 0.16

THERMAL PROPERTIES

MELTING/SOFTENING TEMPERATURE (00 1553

LINEAR EXPANSION COEFFICIENT (OK') = 18.4 x 10-

THERMAL CONDUCTIVITY (cal/cm-sec-*K) = 28 x 0

SPECIFIC HEAT (cal/g)/*K-

MECHANICAL PROPERTIES

YOUNGS MODULUS (PSI) - 7.7 x 0

HARDNESS (Knoop) - 82 (500g)

ELECTRICAL PROPERTI ES

DIELECTRIC CONSTANT - 7.33

RESISTIVITY-

BAND GAP ENERGY- ---

EFFECTIVE MASS - --

MOBILITY-
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BARIIUM FLUORIDE (6aF2 )

OPTICAL PROPERTIES

DISPERSION EQUATION:

2 - 1 0.643356X 2 _ + 0.506762X 2  3.8261,X2

X2 (0.057789) 2 A2 
- (0.10968) 2 X2 - (46.3864) 2

References:

1. I.H. Malitson: J. Opt. Soc. Am. 54, 628 (1964).

2. N.C. Fernelius, D.V. Dempsey, D.A. Walsh and 0.B. O'Julnn in Laser Induced
Optical Materials: 1980, N.B.S. Special Publication 620. Eds. I.E.
Rennet, .J, Glass, A.R. Guenther and B.E. ?4ewman.

3. W. Kaiser, W.G. Spitzer, R.H. Kaiser & L.E. Howarth, Phys. Rev. 127.
1950 (1962).
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BARlOW FLUORIDE (saF2)

Refractive Index and Thermal Coefficient of
P Bari=, Fluoride (MIT experimnental sample, year 19401,

Wavelength Refractive index -dn/dt X 10~
(ai) 15%C 35% 55% per eC

0.4046563 1.484054 1.483753 1.483452 15.05
0.4358342 1.481416 1.481116 1.480816 1.j
0.4861327 1.478234 1.477930 1.477628 15.15
0.5460740 1.475559 1.415255 1.474951 15.20
0.589262 1.474124 1.473820 1.473515 15.22
0.6562793 1.472439 1.472135 1.471830 15.23
0.6678149 1.472196 1.471892 1.471586 15.25
0.7065188 1.471474 1,471167 1.470863 15.28
0.767858 1.470538 1.470230 1.469920 15.45

Abbe N4o. 81.82 81.76 81.67
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BARIUM FLUORIDE (BaF)
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BARIUM FLUORIDE (BaF2)

V in c

1000 300400 300 200 ISO S

SAFa

Ila -

700

U so ---- -

S-S

W. O-
L

0

00
30-- -

10 -- ---

10 a* 30 4* S 70 so

X~ in microns

3
Reflectance versus wavelength of barium fluoride
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BARIUM FLUORIDE (BaF2 )

p%

1.510 Barium Fluoride 250C1.5101-

1.490

8 1.470-

4-

1.450

01.43

.X - •

'-' 1.4301--_

1.410 -.

: 1.39011"

0.2 0.4 0.6 1.0 2.0 4.0 6.0 10.0 20.0

wavelength, microns .

Refractive index of barium fluoride. The dispersion

formula is valid for interpolation to five decimal

places over the measured wavelength range.
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BARIUMi FLUORIDE (BaF 2)

v Im CM41
100SW 400 300 200 ISO0 12S

32-

.10.

10 1
10 ~ ~ ~ -20 3 Iso 6 0 8

11-- MIRN

303

from the dispersion analysis of the reflectivity3
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CADMIUM SELENIDE

CdSe

p STRUCTUJRE

* CRYSTALLINE

* SYMMETRY - Hexagonal, 6mm

LATTICE CONSTANTS (A) - a = 4.309 1 0.003

c =7.021 1 0.004

PHYSICAL PROPERTIES

MOLECULAR WEIGHT = 191.36 SR

DENSITY (g/cm 3) =5.81

SOLUBILITY IN WATER (g/1009 of H 20) = Not available

THERMAL PROPERTIES

MELTING/SOFTENING TEMPERATURE (00 1533

LINEAR EXPANSION COEFFICIENT (OK-) = Not available

THERMAL CONDUCTIVITY (cal/cmosecoOK) = 0.043

SPECIFIC HEAT (cal/g)/*K = 92.8

MECHANICAL PROPERTIES

YOUNGS MODULUS = Not available

HARDNESS = Not available

ELASTIC CONSTANTS (1O'2N/m2) C C 1=7.4 .52 C= 3.93,
C3=8. 36, C 4=4.317,C 1.445

4 66=~
ELECTRICAL PROPERTIES

a.L DIELECTRIC CONSTANT = 10.6
-0

RESISTIVITY = Not available

BAND GAP ENERGY (eV) = 1.67

EFFECTIVE MASS me 3 ~ .13 mo0

MOBILITY P~e (cm2/vsec) = 650
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CADNIUM SELENIDE (CdSe)

ELECTRO-OPTIC COEFFICIENTS (10-12 a/V)

r3  4.3 at 3.39ian (Reference 1)

13 1.8 at 3.39ian

SECOND HARMONIC COEFFICIENTS (1012 in/V)

d3  96k49 at 1.O64iwn (Reference 2)

d1 = 31 k7.5 at 10.6 umn (Reference 3)

d3 l 28.5 *6.3 at 10.6 ian

d33 =54.5 * 12.6 at 1. in

d31 =26.8 *9 at 10.6 ma

References:

1. 1. Kainminow, in CRC Handbook of Lasers, ed. by R.J. Plersey,
Chemical Rubber Company, Cleveland-,Ohio, 447 (1971).

2. R.A. Soref and H.W. Moos, J. Appi. Phys. 35, 2152 (1964).

3. C.K.N. Patel, Phys. Rev. Lett. 16, 613 (1965).

4. W.L. Bond, J. Appl. Phys. 36, 1674 (1965).

5. D.E. McCarthy, Appi. Opt. 4,317 (1965).
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CADMIUM SELENIDE (CdSe)

r, Cadmium Selenide (CdSe)
Room Temperature Birefringence Versus Wavelength4

Wavelength-

(un) no n

0.8 2.6448 2.6607
0.9 2.5826 2.6027
1.0 2.5502 2.5696
1.2 2.5132 2.5331
1.4 2.4929 2.5133

1.6 2.4818 2.5008
1.8 2.4732 2.4930
2.0 2.4682 2.4873
2.2 2.4642 2.4840
2.4 2.4612 2.4798

2.6 2.4590 2.4784
2.8 2.4562 2.4757
3.0 2.4542 2.4741
3.2 2.4532 2.4726
3.4 2.4518 2.4714

3.6 2.4509 2.4702
3.8 2.4498 2.4694
4.0 2.4491 2.4685
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CADMIUM SELENIDE (CdSe)

(I)IA

(f) L SS WS 03
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CADMIUM SULFIDE (GREENOCKITE)

CdS

STRUCTURE

CRYSTALLINE

SYMMETRY - Hexagonal, 6mmn

LATTICE CONSTANTS (A) - a =4.136, c =6.713

PHYSICAL PROPERTIES

MOLECULAR WEIGHT - 144.8

DENSITY (9/cm3) - 4.82

SOLUBILITY IN WATER (g/100g of H20) = 1.3 x 10 -

IL THERM4AL PROPERTIES

*MELTING/SOFTENING TEMPERATURE (9)0 1252

LINEAR EXPANSION COEFFICIENT (*K-) 5 56 X 10: (1 c axis)
3.5 x 10 (I /c axis)

THERMAL CONDUCTIVITY (cal/cm*sec*'K) = 380

*SPECIFIC HEAT (cal/g)/*K = 0.088

MECHANICAL PROPERTIES

YOUNGS MODULUS - Not available

HARDNESS (kg/nm 2) - 55, 80

*ELASTIC COEFFICIENTS (bars) - C11=8.432, C 12 =5.12, C 13=4.638

ELECTRICAL PROPERTI ESC 3 =.9,C4148

DIELECTRIC CONSTANT (static) = 8.9

RESISTIVITY - Not available

BAND GAP ENERGY (eV) - 2.58

EFFECTIVE MASS me 0.0o

MOBILITY ~ c 2/V-sec) = 210
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CADMIUM SULFIDE (CdS)

ELECTRO-OPTIC COEFFICIENTS M4EASURED AT STRESS (10-12 V/g)

n13
vc =r33  ' 13 =5.4 at 10.6iam (Reference 1)

SECOND HARMONIC COEFFICIENTS (1012 N/V)

d 17.0 * 1.4 at 1.05821xn (Reference 2)
15S

d3 l 15.6 * 0.9

d33 =30.7 *1.9

d 15 = 28.9 * 7.1 at 10.6au (Reference 3)

d3 l = 9.83 * 1.1

d33 =44.0 *12.6

References:

1. I.P. Kanuulnone, IEEE J. Quant. El. 2E4, 23 (1968).

*2. R.C. Miller, Appi. Phys. Lett. 5, 17 (1964).

* 3. C.K.N. Patel, Phys. Rev. Lett. 15, 613 (1965).

4. T.M. Bienlewski and S.J. Czyzak, J. Opt. Soc. Am. 53, 496 (1963).

5. A.B. Francis and A.I. Carlson, J. Opt. Soc. Am._50, 118 (1960).

*6. n.E. McCarthy, Appi. Opt. 7.. 1997 (1968).
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CADMIM SUFIDE(Cd6

~CADMIUM SULFIDE (CdS)

Room Temperature Birefringence Versus Wavelength"4

Wavelength

(inoi) n

0.5120 2.751
0.5130 2 .743
0.5140 2.737
0.5150 2.743 2.726
0.5160 2.735 2.720

0.5170 2.727 2.714
0.5180 2.718 2.706
0.5190 2.709 2.702
0.5200 2.702 2.698
0.5210 2.700 2.694

0.5220 2.694 2.689
0.5230 2.687 2.685
0.5240 2.681 2.680
0.5250 2.674 2.675
0.5275 2.661 2.665

0.5300 2.649 2.654
0.5325 2.638 2.644
0.5350 2.628 2.637
0.5375 2.617 2.628 JO
0.5400 2.609 2.622

0.5425 2.602 2.612
0.5450 2.594 2.606
0.5475 2.587 2.600
0.5500 2.580 2.593
0.5750 2.528 2.545

0.6000 2.493 2.511
0.6250 2.467 2.484
0.6500 2.446 2.463
0.6750 2.427 2.446
0.7000 2.414 2.43

0.7500 2.390 2.409
0.8000 2.374 2.392
0.8500 2.364 2.378
0.9000 2.359 2.368
0.9500 2.344 2.359
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CADMIM SUFIDE(Cd6

~CADMIUM SULFIDE (CdS)

Room Temperature Birefringence Versus Havelength4

Wavel1ength
0 e

1.0000 2.334 2.352
1.0500 2.328 2.346
1.1000 2.324 2.340
1.1500 2.320 2.336
1.2000 2.316 2.332

1.2500 2.312 2.329
1.3000 2.309 2.326
1.3500 2.306 2.323
1.4000 2.304 2.321
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CADMIUM SULFIDE (cdS)
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CADMIUM SULFIDE (CdS)

4-'

CL

to 4 ai-!(:ID CuS. 1 42- -- - -

t- I_ [~
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wavelength, microns

Transmittance versus wavelength.
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Asrefln eancen versus wavelength
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CADNI1UE TELLURIDE

CdTe

STRUCTURE

CRY STALL!INE

SYMMETRY - Cubic, 43m

LATTICE CONSTANTS (A) - a =6.477

PHYSICAL PROPERTIES

MOLECULAR WEIGHT - 240.02

DENSITY (g/cm 3) - 5.85

SOLUBILITY IN WATER (g/lOOg of H20) = Not available

THERMAL PROPERTIES

MELTING/SOFTENING TEMPERATURE (*K) = 1314 - 1323

LINEAR EXPANSION COEFFICIENT (OK') = 5.5 X 10-6

THERMAL CONDUCTIVITY (cal/cmsecOK) = 98

SPECIFIC HEAT (cal/g)/*K = 0.01875

MECHANICAL PROPERTIES

YOUNGS MODULUS (PSI) - 5.3 X 10 6

HARDNESS (Knoop) (kg/nun 2) - 56

ELECTRICAL PROPERTIES

DIELECTRIC CONSTANT (static) = 10.9

RESISTIVITY = Not available

BAND GAP ENERGY (eV) = 1.5

EFFECTIVE MASS me= .11 m

p MOBILITY 1t'e (cm2/v-sec) = 600
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. o
CADMIUM TELLURIDE (CdTe)

. .

OPTICAL PROPERTIES

DISPERSION EQUATION I: n2 - 1 = 4.68 + 1.53X2/(X2 - 0.366)

where I is in m.

THERMAL COEFFICIENT 1 dn
OF REFRACTIVE INDEX: 1 dn 4.4 x 10 -5/OK at 1O.6 m (Reference 2)

PRESSURE COEFFICIENT 1 dn -6
OF REFRACTIVE INDEX: -0.1 1 0.1 x 10 /bar (calculated)

ELECTRO-OPTIC COEFFICIENTS (AT CONSTANT STRESS)

r1k = 6.8 at 3.39m (Reference 3)

r11  = 6.8 at 1O.6m.

SECOND HARMONIC COEFFICIENTS (1012 v)

d = 16.7 1 6.3 at 1O.6mn (Reference 4)

References:

1. D.F. Marple, J. Appl. Phys. 35, 539 (1964).

2. 8. Bendow, P.D. Gianino, Y.F. Tsay and S.S. Mitra, Appl. Opt. 13,
2382 (1974).

3. J.E. Keifer, and A. Yariv, Appl. Phys. Lett. 15, 26 (1969). 0

4. R.C. Miller and W.A. Nordland, Optics Communications 1,, 400 (1970).

5. A.G. nebell, E.L. Dereniak, J. Harvey, J. Nissley, J. Palmer,
A. Selvarajan and W.L. Wolfe, Appl. Opt. 18 3114 (1979).

6. L.S. Ladd, Infrared Physics 6p 145 (1966).

7. D.E. McCarthy, Appl. Opt. 7, 1997 (1968).
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CAD141UM TELLURIDE (CdTe)

CADMIUMI TELLUJRIDE (CdTe)...............
Room Temperature Refractive Index Versus Wdavelength'

I Wavelength
(iniin

0.903 2.91
1.0 2.84
1.1 2.81

a1.0 - 1.3 2.82
7.0 - 10.0 2.69

10.0 2.69
14.0 2.69
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CADMIUM TELLURIDE (CdTe)

Refractive Index of Cdle as a Function of Wavelength5

Wavelength Refractive Index

m wn) 20 K 80 K 300 K

6 2.65607 2.65925 2.68198
8 2.65139 2.65459 2.67730
10 2.64661 2.64956 2.67242
12 2.64081 2.64408 2.66677

ON14 2.63413 2.63734 2.66020
a16 2.62645 2.62981 2.65253

18 2.61789 2.62065 2.64366
20 2.60768 2.61039 2.63343
22 2.59604 2.59866 2.62177

Refractive Index as a Function of Temperature
and Temperature Coefficients5

Temperature (K) 10 wi 15 wi

20 2.64661 2.63066
30 2.64702 2.63098
40 2.64743 2.63142
50 2.64787 2.63195
60 2.64839 2.63249
70 2.64892 2.63308
80 2.64956 2.63370

Temperature
coef f icient: 4.9 x 10 5/K 5.1 X 10-5/K
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CADMIUM TELLURIDE (CdTe) <

1 10 1 t2

tv -%
L1

wavelength, microns

6Rasmittance of cadmium telluride versus wavlength
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CdGeAs2

STRUCTURE

CRYSTALLINE

SYMMETRY = Tetragonal, 42m (chalcopyrite)

LATTICE CONSTANTS (A) = a =5.942
c =11.215

PHYSICAL PROPERTIES

MOLECULAR WEIGHT = 230.83

DENSITY (g/cm 3) -5.6

SOLUBILITY IN WATER (g/lOOg of H20) - -

THER14AL PROPERTIES

MELTING/SOFTENING TEMPERATURE (60 903

LINEAR EXPANSION COEFFICIENT (OK'1) =

THERMAL CONDUCTIVITY (cal/cm-sec*OK) = -

SPECIFIC HEAT (cal/g)/PK -

MECHANICAL PROPERTI ES

YOUNGS MODULUS - -

HARDNESS (kg/mm2) = 471

ELECTRICAL PROPERTI ES

DIELECTRIC CONSTANT

RESISTIVITY .

BAND GAP ENERGY (eV) 0.53

EFFECTIVE MASS

MOBILITY
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CdGeAs2

OPTICAL PROPERTIES

TRANSMISSION RANGE: 2 -17 tin

SECOND HARMONMIC COEFFICIENT (10 12 E/y)

d 3 6 =351 1 105 at 10.6uin (Reference 1)

References:

1. G.D. Boyd, E. Buehler, F. Storg and J.FI. Wernick, IEEE J. Quant. El. QE8,
419 (1972).
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* CdGeAs2

Refractive IndexI CdGeAs2 Prism Angle A : 19.4022"

no  ne ne.no

2.3000 .4348 3.6076
2.4000 .4167 3.5973 3.7545 .1572
2.5000 .4000 3.5893 3.7316 .1420 -
2.6000 .3846 3.5823 3.7156 .1333
2.7000 .3704 3.5773 3.7030 .1257
2.8000 .3571 3.5721 3.6926 .1206
2.9000 .3448 3.5684 3.6846 .1162
3.0000 .3333 3.5645 3.6775 .1131
3.1000 .3226 3.5615 3.6714 .1099 .
3.2000 .3125 3.5581 3.6661 .1080
3.4000 .2941 3.5536 3.6574 .1038
3.6000 .2778 3.5503 3.6508 .1005
3.8000 .2632 3.5468 3.6454 .0986
4.0000 .2500 3.5440 3.6402 .0962
4.2000 .2381 3.5415 3.6368 .0954 .0
4.4000 .2273 3.5391 3.6329 .0938
4.6000 .2174 3.5372 3.6299 .0928
4.8000 .2083 3.5354 3.6273 .0919
5.0000 .2000 3.5336 3.6249 .0914
5.5000 .1818 3.5285 3.6178 .0893
6.0000 .1667 3.5251 3.6134 .0883
6.5000 .1538 3.5223 3.6104 .0881
7.0000 .1429 3.5200 3.6073 .0873
7.5000 .1333 3.5175 3.6050 .0875
8.0000 .1250 3.5157 3.6030 .0873
8.5000 .1176 3.5140 3.6009 .0869
9.0000 .1111 3.5120 3.5988 .0868
9.5000 .1053 3.5098 3.5966 .0867
10.0000 .1000 3.5078 3.5942 .0864
10.5000 .0952 3.5054 3.5922 .0868
11.0000 .0909 3.5031 3.5896 .0865
11.5000 .0870 3.5004 3.587i .0868
12.0000 .0833 3.4977 .
12.5000 .0800 3.4950

Note: The material is transparent to 17wi, but measurements of index
past 12.5wm where it was necessary to switch from a Hg:Ge to a -S
Cu:Ge detector, were not possible.
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CdGeAs2

2S

500- .-- S

450- -- -- -CdGeAs 2

400 -- - *--

350a ---- -

300 - - -- --

.~250- a - -- --

o
200

150 - - -

50 - - - -

20 2530 40 50 T0 90100 150 200250

X(Microns)

Absorption coefficient1 in CdGeAs 2.
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* Cd.GeP2

STRUCTURE

CRYSTALLINE

SYMMETRY - Tetragonal, 42m (chalcopyrite)

LATTICE CONSTANTS (A) - a = 5.740 * 0.001

c =10.773 *0.002

PHYSICAL PROPERTIES

MOLECULAR WEIGHT - 246.93

DENSITY (g/cm 3) -4.48

SOLUBILITY IN WATER (g/lOOg of H120) = Not available

THERMAL PROPERTIES

MELTING/SOFTENING TEMPERATURE (OK) = 1073

LINEAR EXPANSION COEFFICIENT (OK1) = -

THERMAL CONDUCTIVITY (W/cmoOK) - 0.11

SPECIFIC HEAT (cal/gm)/*K- -

MECHANICAL PROPERTIES

YOUNGS MODULUS - -

HARDNESS (kg/mm2) - 460

ELECTRICAL PROPERTIES

DIELECTRIC CONSTANT - -

RESISTIVITY (Ohm-cm) - 4.8 x 10'

BAND GAP ENERGY (eV) - 1.8

EFFECTIVE MASS- 0

MOBILITY - -
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CdGeP2

* OPTICAL PROPERTIES

* TRANSMISSION RANGE: 8 -12ui v0

SECOND HARMONIC COEFFICIENTS (1012 .lv)

d 36 =162 *48 at 1O.6un (Reference 1)

References:

*1. G.D. Boyd, E. Buehler, F.G. Storg and J.11. Wernick, IEEE Quant. El.

qE8, 419 (1972).
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CdGeP2

20

~~.1*.~~ - -CdGeP 2 - -0

2 -*
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CALCIUM CARBONATE (ARAGONITE, CALCITE)

CaCO3

STRUCTURE

CRYSTALLINE

SYMMETRY - Hexagonal R 3 C

LATTICE CONSTANTS (A) - a = 4.9899

c = 17.062

PHYSICAL PROPERTIES

MOLECULAR WEIGHT - 100.09

DENSITY (gfcmn) - 2.7102

SOLUBILITY IN WATER (g/lOOg of H20) 0 .0014

THERMAL PROPERTIES

MELTING/SOFTENING TEMPERATURE (*K) = 1167

LINEAR EXPANSION COEFFICIENT (OK-) = 25 x 10-6/ c-axis

THERMAL CONDUCTIVITY (callcm-sec*'K) 135.2 16 1 c-axis
111 X 104.1 c-axis

SPECIFIC HEAT (cal/g)/'K = 0.203

MCHANICAL PROPERTIES

YOUNGS MODULUS (PSI) - 10.5 X 106 IIc-axis
12.8 x 1063 c-axis

HARDNESS (Mohs) - 3

ELASTIC CONSTANTS (bars) c C1 =13 .7, C 124~.56, C 134.51

CL4'-2 .08 * C 33'7.97, C44=3.42
ELECTRICAL PROPERTIES

DIELECTRIC CONSTANT - 8.5 .Lc-axis
8.0 IIc-axis at 104 Hz

* RESISTIVITY

BAND GAP ENERGY

* EFFECTIVE MASS

MOBILITY
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CALCIUMN CARBONATE (CaCO 3)

Referen~ces:

1. S.S. Ballard, K.A. McCarthy and W.L. Wolfe, Optical Materials for
Infrared Instrumentation Report No. AD 217367 (1959).

* 2. D.E. McCarthy, Appi. Opt. 4, 317 (1965).

-' 3. A. Sniakula,.Einkristalle, Springer-Verlag, Berlin, 1400 (1962).
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w7S

CALCIUM CARBONATE (CaC03)

Brechzahlen des Kalkspats (von 0.198 bls 0.795 wa

bet 18* C, von 0.8007 bis 3.324 tw bet 200 C) 1-

0.198 --- 1.57796 0.768 1.64974 1.48259
0.200 1.90284 1.57649 0.795 1.64886 1.48216
0.204 1.88242 1.57081 0.801 1.64869 1.48216
0.208 1.86733 1.56640 0.833 1.64772 1.48176
0.211 1.85692 1.56327 0.867 1.64676 1.48137
0.214 1.84558 1.55976 0.905 1.64578 1.48098
0.219 1.83075 1.55496 0.946 1.64480 1.48060
0.226 1.81309 1.54921 0.991 1.64380 1.48022
0.231 1.80233 1.54541 1.042 1.64276 1.47985
0.242 1.78111 1.53782 1.097 1.64167 1.47948
0.257 1.76038 1.53005 1.159 1.64051 1.47910
0.263 1.75343 1.52736 1.229 1.63926 1.47870
0.267 1.74864 1.52547 1.273 1.63849 --
0.274 1.74139 1.52261 1.307 1.63789 1.47831 -

0.291 1.72774 1.51705 1.320 1.63767 --
*0.303 1.71959 1.51365 1.369 1.63681 ----

0.312 1.71425 1.51140 1.396 1.63637 1.47789
0.330 1.70515 1.50746 1.422 1.63590 --
0.340 1.70078 1.50562 1.479 1.63490 --
0.346 1.69833 1.50450 1.497 1.63457 1.47744

*0.361 1.69317 1.50228 1.541 1.63381 --
0.394 1.68374 1.49810 1.609 1.63261 --0.410 1.68014 1.49640 1.615 --- 1.47695
0.434 1.67552 1.49430 1.682 1.63127 --
0.441 1.67423 1.49373 1.749 1.47638
0.508 1.66527 1.48956 1.761 1.62974 --
0.533 1.66277 1.48841 1.849 1.62800 ---

*0.560 1.66046 1.48736 1.909 --- 1.47573
0.589 1.65835 1.48640 1.946 1.62602 --

*0.643 1.65504 1.48490 2.053 1.62372
0.656 1.65437 1.48459 2.100 --- 1.4792
0.670 1.65367 1.47426 2.172 1.62099 --
0.706 1.65207 1.48353 3.324 --- 1.47392
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CALCIUM CARBONATE (CaCO3 )

Temperaturkoefflzenten der

Brechzahlen 105 x dn/dT von Kalkspat.

ANm) InoldT dfle/dT - -e

0.211 +2.150 ---
0.214 2.025 +2.599
0.219 1.814 2.474
0.224 1.643 ---
0.226 --- 2.290
0.231 1.397 2.198 e
0.257 0.950 1.876
0.274 0.772 1.748
0.288 0.670 1.688
0.298 0.604 1.641
0.313 0.510 ---
0.325 0.469 1.548 ,
0.340 0.397 1.475
0.361 0.360 1.449
0.441 0.325 1.318
0.467 0.319 ---
0.480 0.305 1.287
0.508 0.287 1.234
0.589 0.240 1.213
0.643 0.208 1.185

. -

EinfluO der Temperatur auf die

Brechzahlen no fur ordentlichen und ne fur
aulerordentlichen Strahl des Kalkspats2 bei 0

= 0.547

Tempera ture
aC no n

-200 1.66167 1.48596
-150 1.66180 1.48646
-100 1.66187 1.48700
- 50 1.66180 1.48758

0 1.66192 1.48818
+ 13 1.66193 1.48840
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CALCIUM CARBONATE (CaCO 3)

E 60

400

9L - A - - -

-1- -ES1
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CALCIUM CARBONATE (CaCO)

3 ~~03)

cm1

.S S

lot!
to-

som

a' I
IsI

S 6 Is Is as -s i s

26 - 2

Reflectance of calciumcabnt
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CESIUM BROMIDE
CsBr

STRUCTURE

CRYSTALLINE

SYMMETRY - Cubic, Fm3ri

LATTICE CONSTANTS (A) - a =4.296

PHYSICAL PROPERTIES

MOLECULAR WEIGHT - 212.83 *S

DENSITY - 4.44

SOLUBILITY IN WATER (g/1009 of H20) - 124

THERM4AL PROPERTIES

MELTING/SOFTENING TEMPERATURE (OK) - 909

LINEAR EXPANSION COEFFICIENT (OK') = 47.96 x 10O6

THERMAL CONnUCTIVITY (cal/cm-sec-OK) = 0.023 X 10-4S

SPECIFIC HEAT (cal/g)/*K = 0.063

MCHANICAL PROPERTIES

*YOUNGS MODULUS (PSI) - 2.3 x 106

HARDNESS (Knoop) - 19.5 (200g)

ELASTIC CONSTANTS - C 1 307,C 12 0.403,C =0.7500

* ELECTRICAL PROPERTIES

DIELECTRIC CONSTANT - 6.51 at 2.5 x 106 Hz

RESISTIVITY --

* BAND GAP ENERGY=

* ~EFFECTIVE MASS- ---

MOBILITY-
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* CESIUM BROMIDE (Cs~r)

* OPTICAL PRPERTIES

TRANSMISSION RANGE: 0.2 -451an

DISPERSION EQUATION:

n2 5.640752 -0.000003382 +0.0018612

12  -

+ 41110.49 + 0.00290764
A2 - 14390.4 A2 - 0.024964

* References:

1. D.E. McCarthy, Appi. Opt. 2, 591 (1963).

2. W.S. Rodney and R.J. Spindler, J. Res. NBS 51, 123-126 (1953).

3. E.M. Dianov, Soviet Phys. Solid State 9,464 (1967).
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CESIUM BROMIDE (CsBr)

CM-
1

00 0 0
0 00 0 8 0 0 0 0

-0 0 in

too -- - - -

60

40

20 I

0--------------------4
2 5 10 15 20 25 30 35 40 45 50

X(Microns)

Transmittance and reflectance of CsBr(lcm)

versus wavelength - -- -

1,7570- - --

1,7450 -- -

1,7150

C1,685 -

0 ,25

1,95

1,65

1,53

0.2 0.5 1 2 5 10 20 50 100

Wavelength, Microns
Index of refraction of CsBr as a function of wavelength 2

(wavelength scale is logarithmically grauuated).
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CESIUM BROMIDE (CsBr)
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CESIUM BROMIDE (CsBr)

k lO + Z
50 -. i 0

-a 7

B ,..7
3.. 0 "6 5 ,. , .' IT":i:

0.9

20

f-,

. . . . . i. . . . . . X .mm
o.J 0.5 0.7 0.9 1.1 T.j -- --_

Dependence of the absorption coefficient of

CsBr (I) and CsI (II-IV) crystals on the wave-

length at temperatures of 293 0K (I-Ill) 780 K

(IV). Curves II and III represents CsI samples

from different batches. The points on curve

IV represent the average values of the absorption

coefficients for samples of various thicknesses. -

The sample thickness d(mm): 1) 1.96; 2) 2.47; .:-

3) 3.41; 4) 8.53; 5) 15.06; 6) 3.28; 7) 4.14;

8) 6.11; 9) 12.56.
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CESIUM IODIDE

CSI

CRYSTALLINE

SYMM4ETRY - Cubic, Fni3m- -

LATTICE CONSTANTS (A) a =4.5679

PHYSICAL PROPERTIES

MOLECULAR WEIGHT - 259.83

DENSITY (g/cm 3) 4.51

SOLUBILITY IN WATER (g/lOOg of H 0) = 44
2S

THERMAL PROPERTIES

MELTING/SOFTENING TEMPERATURE (00 894

peLINEAR EXPANSION COEFFICIENT (OK') so5 x 10 6o

THERMAL CONDUCTIVITY (cal/crn-secK) = 27 X 10- 4

SPECIFIC HEAT (cal/g)/*K - 0.048

MECHANICAL PROPERTIESS

YOUNGS MODULUS (PSI) - 0.769 X 106

HARDNESS - -

ELASTIC CONSTANTS (bars) - C1 =2.46, C 0=.67, C44 O64 -

ELECTRI CAL PROPERTIES

DIELECTRIC CONSTANT - 5.65 at 106 Hz

RESISTIVITY

BAND GAP ENERGY

EFFECTIVE MASS

MOBILITY
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OPTICAL PROPERTIES

DISPERSION EQUATION:

2 0.34617251 A2  +1.0080886,X
2

X2 - 0.00052701 X2 -0.002149156

+ 0.28551800A2  + 0.39743178X2

k2 - 0.0032761 X2 -0.044944

+ 3.3605359.X
2

X2 - 25921

*References:

1. D.E. McCarthy, Appi. Opt. 2, 591 (1963).

2. W.S. Rodney, J. Opt. Soc. Am..45, 987 (1955).
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CESIUM IODIDE (CsI) .l

CM'

I

10

90 NomW - - - - - - - -so'
40

r I
5 I 1s 20 25 3 35 40 4S so

(MICIONS)

Transmittance and reflectance of Csl versus

wavelength

2.00 •:.

1 .96
Index of refraction

1.92 of CsI at 24C

1 .8 8 .

1 .8 4 .

1 .8 0 "

1.76 -

1 .7 2 .

1.68

1.64 ]

1.60

0.2 0.5 2 10 30 50

wavelength (microns)

Refractive index of Csl as a function of wavelength
2

(wavelength scale is logarithmically qraduated).
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CESIUM IODIDE (CsI)

0 A

49

5aeeg~ mcos

Comparion of te dispesion o CI wihseea

01 - 2

oo

a,40
UMo.

.00 as

A-51 *



COPPER CHLORIDE (NANTOKITE)
CuCi

STRUCTURE

CRYSTALLINE

SYMMETRY = Cubic, 43.m

LATTICE CONSTANTS (A) - a - 5.418 *0.002

PHYSICAL PROPERTIES

MOLECULAR WEIGHT = 98.99

DENSITY (g/cm)= 4.14

SOLUBILITY IN WATER (g/1OOg of H20) = 1.5-

THERMAL PROPERTIES

MELTING/SOFTENING TEMPERATURE (*K) - 703

LINEAR EXPANSION COEFFICIENT (OK1 ) = 13.6 x 10-6

THERMAL CONDUCTIVITY (cal/cm-sec*OK) = Not available

SPECIFIC HEAT (cal/g)/*K - 0.12

MECHANICAL PROPERTIES

YOUNGS MODULUS - Not available

HARDNESS (kg/nm 2) - 1

ELECTRICAL PROPERTIES

DIELECTRIC CONSTANT (co) = 7.5

RESISTIVITY (Ohm-cm) = 3.5 x 108

BAND GAP ENERGY - -

EFFECTIVE MASS - -

MOBILITY - -
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...........

COPPER CHLORIDE (CuCi)

*OPTICAL PROPERTIES

* TRANSMISSION RANGE: 0.4 to 20Pmu

* DISPERSION EQUATION: n2 + 350+31 012~ 3~i~
A2 - 0.16 x2

ELECTRO-OPTIC COEFFICIENTS (10-12 a/V)

rJ1 = 3.2 at 1O.614n (Reference 1)
4 0.

r = 2.20 at 3.39 m4+

* SECOND HARMONIC COEFFICIENTS (10 12 gI) ,

*d14 4.19 at 10.6im (Reference 2)

d 1 6.7 *2.2 at 10.6 m (Reference 3)

d1 9.1 *4.1

References:

1. T. Sueta, T. Matusnima, T. Nishimfoto and T. Makimoto, Proc. IEEE 58.
1378 (1970).

- 2. J. Jerphagnon, C. Schwab and D. Chemla, C.R. Acad. Sci., Paris, 8265,
495, (1967).

3. 0. Chemla, P. Kupecek, C. Schwartz, C. Schwab and A. Goltzene, IEEE
* J. Quant. Ed. QE7, 126 (1971).

4. D.E. McCarthyA pp. Opt. 6, 1896 (1967).
5. D.E. McCarthy, Appi. Opt. T, 317 (1965).

* 6. A. Feldman and D. Horowitz, J. Opt. Soc. Am. 59, 1406 (1969). .
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COPPER CHLORIDE (CuCi)
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GALLIUM ANTINONIDE
GaSb

*STRUCTURE

CRYSTALLINE

SYMMETRY = Cubic, 43mi

LATTICE CONSTANTS (A) - a =6.094

PHYSICAL PROPERTIES

MOLECULAR WEIGHT - 191.48 .S

DENSITY (g/cni 3) 5.6137

SOLUBILITY IN WATER (g/lOOg of H 0) = Insoluble

THERMAL PROPERTIES

MELTING/SOFTENING TEMPERATURE (OK) - 1271

LINEAR EXPANSION COEFFICIENT (OK-) = 6.9 x 10-6S

THERMAL CONDUCTIVITY (cal/cm-sec*'K) = 0.105

*SPECIFIC HEAT (cal/g)/OK - 0.01828

MECHANICAL PROPERTIES0

YOUNGS MODULUS (106 PSI) - 9.19

HARDNESS (kg/nun 2) 469

ELASTIC CONSTANTS (bars) CI c1 =8 .849, C12=4.037, C44=4.325

ELECTRICAL PROPERTIES

DIELECTRIC CONSTANT (static) - 15

RESISTIVITY - Not available

* BAND GAP ENERGY (eV) = 0.69

EFFECTIVE MASS me 0.045 in0

* MOBILITY u0 (n 2/v-sec) = 4000
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GALLIUM ANTIMONIDE (GaSb)

OPTICAL PROPERTIES

THERMAL COEFFICIENT 1 dn = 8.2 x 10at 5 -20ma (Reference 1)
OF REFRACTIVE INDEX:

PRESSURE COEFFICIENT 1 dn 081 .2x0-6
OF REFRACTIVE INDEX: = . . 0/bar (calculated)

SECOND HARMONIC COEFFICIENTS (1012 ./V)

d4= 628 1 63 at 10.6m, (Reference 2)

d =4 419 at 1.06m, (Reference 3)

Referensces:

1. B. Bendow, P.D. Gianino, Y.F. Tsay and 5.5. Mltra, Appi. Opt._13.
2382 (1974).

2. J.J. Wynne and N. Bloembergen, Phys. Rev. 188, 1211 (1969).

3. R.K. Chang, J. Ducuing and N. Bloembergen, Phys. Rev. Lett. 15,
415 (1965). _

4. i.O. Serraphin and H.E. Bennet, in Semiconductors and Semimetals,
ed. by R.K. Willardson and A.C. Beer Academic Press, New York,0
p. 525-526 (1967).

5. D.E. McCarthy, Appi. Opt. 7, 1997 (1968).
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GALLIUN ANTIMONIDE (GaSb)

Refractive Index and Extinction Coefficient of

Gallium Antimonide 4

(i) n k (1ro) n k 0

1.49 -- 9.70 X 10- 2 1.88 2.00 X 1

1.51 -- 9.45 X 10-
1.53 -- 9.06 X 10- 2 1.88 -- 1.41 X 10- '
1.55 -- 8.67 X 10- 2 1.90 3.802 --

1.56 -- 8.52 X 10-2 1.91 -- 1.41 X 10-  .
1.94 -- 1.18 X 10

- 4

1.57 -- 8.16 X 10-2 1.97 -- 1.10 X 10-

1.58 -- 7.90 X 10- 2

1.59 -- 7.68 X 10- 2 2.00 -- 1.08 X 10- '

1.60 -- 7.39 X 10- 2 2.00 -- 9.87 X 10-

1.61 -- 7.10 X 10-2 2.00 3.789 -- -

2.03 -- 1.09 X 10- '

1.62 -- 6.80 X 10- 2 2.07 -- 1.13 X 10- 4

1.63 -- 6.49 X 10
- 2

1.64 -- 6.14 X 10-2 2.10 3.780 --

1.65 -" 5.82 X 10-2 2.20 3.764 ..

1.66 -- 5.47 X 10-2 2.30 3.758 --

2.40 3.755 --

1.68 -- 5.10 X 10- 2 2.40 -- 1.43 X 10 - 4

1.69 4.70 X 102 2.50 -- 1.65 X 1

1.70 -- 4.06 X 102 2.50 3.749 -4

1.71 -- 2.51 X 10- 2 2.80 -- 2.65 X 10- 4

1.72 -- 7.48 X 10- 3  3.00 -- 3.65 X 10 .

3.00 3.898 --

1.73 -- 6.68 X 10- ' X

1.73 -- 2.14 X 10- 3  3.40 -- 6.66 X 10- 4

1.74 -- 3.05 X 10- 3  3.50 -- 7.46 X 10-'

1.75 -- 1.83 X 10- 3  3.50 3.861 --

1.76 -- 1.24 X 10- 3  3.70 -- 9.25 X 1 "

4.00 -- 1.26 X 10
- 3

1.77 -" 9.18 X 10- 4
1.77 -- 1.23 X 10- 3  4.00 3.833 --
1.80 "- 5.40 X 104 4.50 -- 1.83 X 10- 3 -
1.80 -- 5.51 X 10-  5.00 -- 2.53 X 10- 3

1.80 3.820 -- 5.00 3.824 -- _
5.40 -- 3.13 X 10- 3

1.82 -- 3.56X -3

1.82 3.55 X 10"  5.80 -- 3.66 X 10 3

1.84 -- 1.96 X 10-4 6.00 -- 3.94 X 10"

1.85 -- 2.52 X 10- 4  6.00 3.824 ""
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GALLIUM ANTIMONIDE (GaSb)

Refractive Index and Extinction Coefficient of

Gallium Antimonide4 (Continued)

6.20 -- 4.22 X 12.00 3.843 -

6.049 0312.40 -- 1.21 X 10-20
7.00 -- 5.33 X 10-3 12.80 -- 1.26 X 10-2
7.00 3.843 -- 13.40 -- 1.41 X 10-2
7.40 -- 5.90 X 10-3 14.00 -- 1.40 X 10-2

8.00 -- 6.68 X 10-3 14.00 3.861 -

8.00 3843 -- 14.90 3.880 -

8.40 -- 7.21 X 10-3 -- -- -

9.00 -- 7.99 X 10- 3--

9.00 3.843 --- -

9.50 -- 3.63 X 10- 3  -

10.00 -- 9.26 X 10-3-

10.00 3.843 - --

10.60 -- 9.95 X 10-3----

11.10 -- 1.06 X 10-2 -

12.00 -- 1.16 X 10- 2  
--
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GALLIUM ANTIMONIDE (GaSb)
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00
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00 10 20- 05
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0

GALLIUM ARSENIDE

GaAs

STRUCTURE

CRYSTALLINE

SYMMETRY = Cubic, 43m

LATTICE CONSTANTS (A) = a = 5.652

PHYSICAL PROPERTIES

MOLECULAR WEIGHT = 144.63

DENSITY (g/cm 3) - 5.307

SOLUBILITY IN WATER (g/1OOg of H20) = <0.005 ,.

THERMAL PROPERTIES

MELTING/SOFTENING TEMPERATURE (OK) = 1151

LINEAR EXPANSION COEFFICIENT (°K- l) = 6.8 x 10- .

THERMAL CONDUCTIVITY (cal/cm-sec.°K) = .0108

SPECIFIC HEAT (cal/g)/°K = 0.076

14ECHANICAL PROPERTIES _

YOUNGS MODULUS = Not available

HARDNESS = 721

ELASTIC CONSTANTS (bars) = C 1=1.192, C 12=0.05986, C =0.538'

ELECTRICAL PROPERTIES

DIELECTRIC CONSTANT = 12 ..

RESISTIVITY = --

BAND GAP ENERGY = 1.4257

EFFECTIVE MASS = 0.07 m
me 0

MOBILITY Pe (cm2/v-sec) = 8600
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GALLIUM4 ARSENIDE (GaAs)

OPTICAL PROPERTIES

TRANSMISSION RANGE: =1 -21mn

DISPERSION EQUATION:

THERMAL COEFFICIENT 10 d/x OK at 5-2Own
OF REFRACTIVE INDEX:

PRESSURE COEFFICIENT Idn =(0.7*1O1x1_/a
OF REFRACTIVE INDEX: n

ELECTRO-OPTIC PROPERTI ES

PHOTO-ELASTIC CONSTANTS: P11=-0.165, P12 0-.140, P~ 4 O02a .sn

ELECTRO-OPTIC COEFFICIENTS (10 12u/v)

S-CONSTANT STRESS

T-CONSTANT STRAIN REFERENCES

* Sr4 1  = 1.2 at .9-1.08mi(

r = 1.5 at 3.39 rn (2)

Tr4  = 1.6 at 10. 6 tgn (3,4)

4.1

* ACOUSTO-OPTIC PROPERTIES

ACOUSTIC VIBRATION POLARIZATION DIRECTION =Long.

ACOUSTIC VELOCITY (krn/s) = 5.3

LIGHT VIBRATION POLARIZATION DIRECTION Parallel

FIGURE OF MERIT (142 =n 6 p2/pv 3) at X=1.154n 96

ACCOUSTIC ATTENUATION (dB/cm) at 500 MHz =7.55
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GALLIUM ARSENIDE (GaAs)

SECOND HARMONIC COEFFICIENTS (10-' 2v/u)

REFERENCES

d14 274*166 at 1.0582it (6)

d - 387 * 126 at 10.6 in (7)
- 274.3 1 37.8 at 1.582 mn 8)

d 36  = 249 *15 at 1.582ii ( 9)

d 188.5 * 19 at 10.6 mn (10)

d - 134*1 42 at 10.6 ma (11)

d1 140 t10 at 1.06 Un (12)-

d14 100 *5.21 at 1.06 mn (13)

d1  = 191*164 at 1.058 Un (14)

d = 137 at 0.8435 Un(15)
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GALLIUM ARSENIDE (GaAs)
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GALLIUM ARSENIDE (GaAs)

GALLIUM ARSENIDE (GaAs)
Room Temperature Refractive Index versus Wavelength 60

Wavelength

1.127 3.455
1.239 3.425
1.377 3.400
1.550 3.375
1.652 3.366

GALIUM ARSENIDE (GaAs)
Refractive Indext of Gallium Arsenide versus Wavelength17

('n) n WOin n

0.78 1 0.01 3.34 * 0.04 14.5 * 0.05 2.32 * 0.04
8.0 *0.05 3.34 * 0.04 15.0 * 0.05 2.73 * 0.04
10.0 *0.05 3.135 1 0.04 17.0 1 0.05 2.59 * 0.04
11.0 *0.05 3.045 1 0.04 19.0 f 0.05 2.41 1 0.04 -
13.0 *0.05 2.97 *0.04 21.9 * 0.1 2.12 *0.04
13.7 *0.05 2.895 *0.04 --

tThe experimental data seem to be somewhat more scattered than the reported
experimental errors indicate. ~
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GALLIUM ARSENIDE (GaAs)
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GERMAN! WI

Ge

U STRUCTURE

CRYSTALLINE

SYMMETRY - Cubic, m3m

LATTICE CONSTANTS (A) a 5.66

PHYSICAL PROPERTIES

MOLECULAR WEIGHT = 72.60

DENSITY (glcm)- 5.33

SOLUBILITY IN W~ATER (g/lOOg of H.0) <0c.005

THERMAL PROPERTIES

MELTING/SOFTENING TEMPERATURE (*K) = 1209

LINEAR EXPANSION COEFFICIENT (*K-) 5.56 x10-6

THERMAL CONDUCTIVITY (cal/cm-sec-*K) = 0.14

SPECIFIC HEAT (cal/g)/*K 0.074

MECHANICAL PROPERTIES

YOUNGS MODULUS (PSI) - 14.9 x 106

HARDNESS (Knoop) - 700 -880

ELASTIC CONSTANTS (bars) C11=1.29. C, =24.83, C 44=6.7

ELECTRICAL PROPERTIES

DIELECTRIC CONSTANT (static) - 16.3

RESISTIVITY

BAND GAP ENERGY - -

EFFECTIVE MASS m 0.08 m3

MOBILITY ve (cO~v-sec) - 2000

A- 66
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GERM4ANIUM (Ge)

OPTICAL PROPERTIES

TRANSMISSION RANGE: 2-20im

ABSORPTION COEFFICIENT c(cm-1): =1.2 X 10-2 at 10.6 mn

=1.8 x 10-3 at 5.25mn

*DISPERSION EQUATION :n A + RL + CL 2 + DOX2 + E X4

where A = 3.99931
B = 0.391707
C = 0.163492
D = -0.0000060
E = 0.000000053
L = A2- 0.028)-l

PRESSURE COEFFICIENT 16 dn 07to-. 106b
OF REFRACTIVE INDEX:.07t 1. 1 6 br

PHOTOELASTIC CONSTANTS : p11=0.27, P12=O.235, P44=O .125 at 10.6im

ACOUSTO-OPTIC PROPERTIES

ACOUSTIC VIBRATION POLARIZATION DIRECTION = Longitudinal .

ACOUSTIC VELOCITY (kni/s) -5.50 (Reference 3)

LIGHT VIBRATION POLARIZATION DIRECTION -Parallel

FIGURE OF MERIT (M2 n np/v)-54

ACOUSTIC ATTENUATION (dB/cn) at 500 MHz -7.65

DETECTOR PROPERTIES Ge:Au Ge:Cd Ge:Cu Ge:Hg Ge:Zn

OPERATING MODE =PC PC PC PC PC

OPERATING TEMPERATURE (0)0 77 <26 <14 <30 <10

MAXIMUM TEMPERATURE
FOR BLIP (*K) =60 -- 17 35 -

WAVELENGTH REGION (a) =1.0-10.6 2-23 2-30 2-14 2-40
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GERANIUI (Ge)

*DETECTOR PROPERTIES (Continued) Ge:Au Ge:Cd Ge:Cu Ge:Hg Ge:Zn

1/2
-DETECTIVITY, D* (cn*Iz /watt) = >1.5x1O9  >2x1010  >1.5x10 10  >1x10 10  >1x1010

RESPONSE TIM4E (Msec) = <2401 .1 'lxlO31 <.I <2X1-2

References,:

-1. C.D. Salzberg and J.J. Villa, J. Opt. Soc. Am. 48, 579 (1958).

2. R.L. Abrams and D.A. Pinnow, J. Appi. Phys. 41, 2765 (1970).

3. R.L. Abrams and D.A. Pinnow, IEEE J. Quant. El. _qE7, 135 (1971).

*4. D.H. Rank and H.E. Bennet, J. Opt. Soc. Am. 44j. 13 (1954).

*5. D.E. McCarthy, Appi. Opt. 2, 591 (1963).

6. C~fl. Salzberg and J.J. Villa, J. Opt. Soc. Am. 47. 244 (1957).

7. Santa Barbara Research Center Bulletin.
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GERMANIUM (Ge)

Geruanium1 : Refractive Index versus Wavelength at 270C

ann

2.0581 4.1016 4.258 4.0216
2.1526 4.0919 4.866 4.0170
2.3126 4.0786 6.233 4.0094
2.4374 4.0708 8.66 4.0043
2.577 4.0609 9.72 4.0034

2.7144 4.0552 11.04 4.0026
2.998 4.0452 12.20 4.0023
3.3033 4.0369 13.02 4.0021
3.4188 4.0334 --

Germanium4: Wavelength Dependence of
Temperature Coefficient of Refractive Index at 24.5*C

dn 10-4/1C ~dn lo4/O

*1.934 5.919 2.246 5.251
*2.174 5.285 2.401 5.037 .-

Germanium: Wavelength Dependence of Temperature Coefficient
of Refractive Index (95 1 to 298 OK)l

A dn/dT-

2 1.5 *0.2
4 1.5 *0.2

10 1.5 * 0.3
12 1.5 *0.4
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GERMANIUM (Ge)

z
U

THICKNESS *1.6 MM

400

20

I" 2 6 10 16 20 26 Z0 36 40 46 50

WAVE LENGTH. MICRONS

Transmittance versus wavelength of Germanium5, l.6nun.

100

U 00

u 60a.

0
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GERMANIUM (Ge)

- - - - - - 4. 110

- -- - - - 4. 100

- - -- - - 4.090

- 4.080 -

C - 4.070 .

U, 1..

- - - - 4.060

_ 4--S50 -= = -4.050 0

S40 - - -- - 4.040

30 - - - - - - 4.030 ~

10 - -- - - - 4.010 .

and transmission through a 1.0mm thick sample.
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GERMANIUM (Ge)

1 3 4 a a 9 to o

Typcalrane o spctal etetivtie fo G:AuIR etetor a

Ias 1 log55 7 103 10

Weisequorie Imlsm 
.

Typcalrage f secraldetctvitefor Ge:Au IR detectors at '

70
77 0 K,~~ with Irrntino

Exampe of noievs frqunc fo

ExEaappl of detectivity vs. terequency
7fo Ge:Au IR detectors at 77K

fors ----. IRdtotr
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GERMANIUM (Ge)

ion
a I* is 14

Range of spectral detectivities of Ge:Hg IP detectors
76

at 5*K, 600 FOV, 2950Kbackground

1010

600 WFV, 2950 Background I

Freqwerq INS)

Example 7 of detectivity vs. frequency

jai# for Ge:Hg 1R detectors at 50K.

I0"

2 10

* 10 20 30 40 50 10' Ica 103 104

7 f..pome. fidegise KONMl.7 Frquiq 14,1
Example of detectivity vs. temperature for Example of noise vs. frequency for
Ge:Hg JR detectors. Ge:Hg JR detectors at 50K.
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GERMANIUM (Ge)

low

4 Is 9 10 12 14 10 If 20 3n 24 26 28 3 3 4

Range of spectral detectivities for Ge:Cu IR detectors at0

5'K, 60' field of view.

600 FOV, 2950. BACKGROUND

Examiple' of detectivity vs. frequency far

Ge:Cu IR detectors at 4.2'K.

N IQ

0 10 20 30 40 IS' to* lOD 104-

Exawple of detectivity vs. temperature Example of noise vs. frequency for Ge:CuA
for~~ GeC Rdeetr R detectors at 4.2'K.
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GERMANIUM (Ge)

TOI"It I-tF.U0

GeC IR deetr,6' 0 '25Kbc-GeC Rdtcosa '.6'FV

ground

*Example 7of detectivity vs. teqprue for Example of nosevtra e de vt forec
*Ge:Cd IR detectors, at0  FO50K. baok Ge:Cd R detectors at 50K 60 FOV

77 290 groundun
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GERMANIUM (Ge)

I
Sao"

'00

& too so

Example'7 of detectivity vs. temperature Example 7of spectral detectivity for

for Ge:Zn IR detectors, 600 FOV, 2950 K( Ge:Zn IR detectors at 5'K, 60* FOYI.

background.

101010

II
IQ*

Exaiiple of detectivity VS. frequency for Fxampile of detector noise voltdaJc vS.

Ge:Zto IR detectors, 6o, roy, 295'K frequency for Ge:Zn IR detectors, 5 1K,

7.kron 60' FOV, 295'K( background
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GERMANIUM (Ge)

4 -is -20 3 t S W 2 0 3

7I 7

to1 too0 11 O o10 18

Example of detectivity vs. tepeatufr Example of spcldetectieviltg for

frGe:Zn IR detectors, 60 FOV, 295K AeZ Rdtcosa 0 ,6~FV

background760FV 95Kbcgon
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INDIUIM ANTINONIDE
IisSb

STRUCTUIRE0

CRYSTALLINE

SYMMETRY - Cubic, 43m0

LATTICE CONSTANTS (A) - a =6.4787

PHYSICAL PROPERTIES

MOLECULAR WEIGHT - 237

DENSITY (g/cmn3) = 5.78

SOLUBILITY IN WATER (g/lOOg of H20) = Insoluble -

THERMAL PROPERTIES

MELTING/SOFTENING TEMPERATURE ('K)0 796

LINEAR EXPANSION COEFFICIENT (OK') = 4.9 X 10-6

THERMAL CONDUCTIVITY (cal/cinsec*K) = 8.5 X 10-2

* SPECIFIC HEAT (cal/g)/*K

MECHANICAL PROPERTIES

* YOUNGS MODULUS (PSI) - 6.21

* ~HARDNESS - -

ELASTIC CONSTANTS (bars) - C11=6.472, C12=3.265, C44=3.07

* ELECTRICAL PROPERTIES

* DIELECTRIC CONSTANT - 18

* RESISTIVITY-

* BAND GAP ENERGY (eV) - 0.36

* EFFECTIVE M4ASS m* 0.0133 mn

*MOBILITY p~ (c 2/v-sec) - 7.6 X 10 4
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INDIUM ANTINONIDE (I'iSb)

* DETECTOR PROPERTIES

OPERATING MODE - Photovoltaic

OPERATING TEMPERATURE (*K) = 77

MAXIMUM TEMPERATURE
FOR BLIP (OK) = 110

WAVELENGTH REGION win) = 2-5.5

DErECTIVIrY, 0*~ (cmffz 12/Watt) = 6 x 1010 - 1 x 1011

*RESPONSE TIME (i'sec) <1c

* References:

* 1. Santa Barbara Research Center Bulletin.
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INDIUM ANTIMONIDE (InSb)

0)0

200

-0 1020 30 40 1

A (in s

Trnsitac and relcac of Iniu - - - imon
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INDIUM ANTIMONIDE (InSb)

lot Typke

10 0 mrvmeto il fve

Rag of spectral.. -eetvt Tyia depndnc of detctiit

detectors at 770K, 1800 FOY.a 2w STERADIANS FIELD OF VIEW (FOY). 2950 BACKGROUND -

too 0

OPeMMl.' Pvrqv..gr 4*81

Typical noise and 0* values vs. operating

frequency1  OS1"S.IS 140. 140,

Typical D* vs. temperature1l
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INOUI ARSENIDE

InAs

STRUCTURE

CRY STALL INE

SYMMETRY = Cubic, 43m

LATTICE CONSTANTS (A) - a =6.06

PHYSICAL PROPERTIES

MOLECULAR WEIGHT - 189.73

* DENSITY (g/cin3) - 5.66

* SOLUBILITY IN WATER (g/lOOg of H20) < 0.005

THERMAL PROPERTIES

* MELTING/SOFTENING TEMPERATURE (OK) - 1215

LINEAR EXPANSION COEFFICIENT (*K-) = 5.67 x 10-60

THERMAL CONDUCTIVITY (cal/cm-sec-*K) 0.014

*SPECIFIC HEAT (cal/g)/*K = 0.061

MECHANICAL PROPERTIES

* YOUNGS MODULUS (PSI) = Not available

HARDNESS (Knoop) = 380

ELASTIC CONSTANTS (bars) C1108.329, C1224.526, C44=3.959

ELECTRICAL PROPERTIES

DIELECTRIC CONSTANT = 12.5

RESISTIVITY - -

BAND GAP ENERGY (eV) m 0.36

EFFECTIVE MASS a 0.028 mo

MOBILITY &Ae (cm/-s) 1.3x10
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INDIUM ARSENIDE (InAs)

OPTICAL PROPERTIES 0

DISPERSION EQUATION :

2+ 0.71 2.75X142
n= 11.1 + 0.1 + 2.5 - 6 x 1O'gA 2

1 - (1/3922X)2  1 - (1/218.9X)2  0

2 1 dn
THERMAL COEFFICIENT . = 6.7 x 10-5 /°K (5 - 20ro)
OF REFRACTIVE INDEX: -6

- 0.7 1 0.2 x 10 /bar (calculated)

SECOND HARMONIC COEFFICIENTS

d 364 1 47 x 101 2m/v at X = 1.058w (Reference 3)

d14  = 418.9 1 12.6 x 1012m/v at X = 1O.6m (Reference 4)

DETECTOR PROPERTIES

OPERATING MODE = Photovoltaic

OPERATING TEMPERATURE (K) = 77

MAXIMUM TEMPERATURE
FOR BLIP () = --

WAVELENGTH REGION (li) = 1to 3

1/2
DETECTIVITY, D* (cnmz /Watt) = >4 x 1011

RESPONSE TIME (psec) = <1

References:

1. B.O. Serraphln and H.E. Bennet, in Semiconductors and Semimetals, -
ed. by R.K. Wtllardson and A.C. Beer, Vol. 3, Academic Press, N.Y.
(1967).

2. B. Bendow, P.D. Gianino, Y.F. Tsay and S.S. Mttra, Appl. Opt. 13,2382 (1974).
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INDIUM ARSENIDE MIAO)

References Cont.

3. R.K. Chang, J. Ducuing and N. Bloenibergen, Phys. Rev. Lett. 15, 415
(1965).

4. J.J. Wynee and N. Bloenibergen, Phys. Rev. 188, 1211 (1969).

5. P. Billard, Acta Electronlca 6, 75 (1962).
6. D.E. McCarthy, Appi. Opt..7, 1997 (1968).

7. F. Oswald and R. Schade, Z. Naturforstah 2a, 611 (1954).

8. Santa Barbara Research Center Bullentin 67.
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INDIUJN ARSENIDE (InAs)

Indium Arsenide: Refractive Index and Extinction

Coefficient versus Wavelength

nk iik n k

0049 1.139 0.168 0.248 1.987 2.647 1.38 3.516 0.047
0051 1.135 0.195 0.259 2.288 3.086 1.68 ... 0.200

004 1.135 0.207 0.264 2.617 3.264 1.80 0.1850
006 1.133 0.215 0.269 3.060 3.274 2.00 ... 0.168

0.064 110 024035 339 13025 .. .3
0.067 1.110 0.215 0.344 3.271 1.363 2.76 ... 0.119
0.070 1.047 0.189 0.354 3.227 1.411 3.00 0.1020
0.077 0.948 0.272 0.387 3.484 1.547 3.35 ... 0.064
0.082 0.894 0.336 0.413 3.331 1.787 3.40 ... 0.052
0.089 0.829 0.426 0.443 3.817 1.954 3.44 ... 0.037
0.095 0.766 0.563 0.451 3.980 1.865 3.50 ..... 0.018
0.103 0.745 0.727 0.459 4.087 1.748 3.65 ... 0.002
0.108 0.751 0.830 0.468 4.119 1.644 3.74 3.52
0.112 0.775 0.905 0.477 4.192 1.618 4.00 3.51
0.123 0.835 1.071 0.496 4.489 1.452 5.00 3.46
0.136 0.890 1.260 0.517 4.558 1.047 6.67 3.45
0.153 0.967 1.552 0.563 4.320 0.554 10.0 3.42
0.172 1.184 1.889 0.620 4.101 0.348 14.3 3.39
0.180 1.332 1.998 0.689 3.934 0.231 16.7 3.380
0.188 1.483 2.020 0.775 3.800 0.157 20.0 3.35

*0.195 1.583 2.120 0.885 3.696 0.100 25.0 3.26
0.211 1.782 2.011 1.03 3.613 0.076 33.3 2.95
0.225 1.765 2.202 1.24 3.548 0.051
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* INDIUM ARSENIDE (InAs)

U6 10

1006M

02 3 4 5 a 7

WAVELENGTHI. k4ICnONS

Transmittance versus wavelength5

400
x

100

50
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Refoectioncefien versus wavelength
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INDIUM ARSENIDE (InAs)

- -o

jol

1.0 2.0 3.0 4.0

Wovelength (microns)

Minimum spectral detectivity 8 for InAs (LTO)

IR detectors at 770K.0

100

1100

10 102 103 104

Froquen~cy (Na I

Relative noise current and relative D* vs.
frequency for InAs (LTO) detectors at 770K.
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INDIUM PHOSPHIDE

lnkP

STRUCTURE0

CRYSTALLINE

SYMMETRY - Cubic, 43m

LATTICE CONSTANTS (A) - a =5.86875

PHYSICAL PROPERTIES

MOLECULAR WEIGHT - 145.80

DENSITY (g/cm 3) - 4.8

SOLUBILITY IN WATER (g/1O0g of H20) = Not available-

THERMAL PROPERTIES

MELTING/SOFTENING TEMPERATURE (00 5.3

LINEAR EXPANSION COEFFICIENT (OK1) = 4.5 x 10O6

THERMAL CONDUCTIVITY (cal/crneseceeK) = 0.68

SPECIFIC HEAT (cal/g)/*K = 5.3

MECHANICAL PROPERTIES

*YOUNGS MODULUS = Not available

HARDNESS (kg/nun2) = 430

ELASTIC CONSTANTS CI C1 =10.7, C12=Onot available

ELECTRICAL PROPERTIES

* DIELECTRIC CONSTANT 12.10

RESISTIVITY = Not availa le

BAND GAP ENERGY (eV) 1.34

EFFECTIVE MASS m= 0.07 mo

MOBILITY m~e (cm2/V-sec) = 6000
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INDIUM PHIOSPHIDE (InP)

OPTICAL PROPERTIES

THERMAL COEFFICIENT I dn 2. K (00m

OF REFRACTIVE INDEX:2. 10 /K (-20u)

OFREFRACE OFIINX 0.4*0.2 x 10- /bar (calculated)

SECOND HARMONIC COEFFICIENTS

d =520 *47 (102m/v) at 1.058wni (Reference 2)
14*

References:

1. B. Bendow, P.D. Gianino, Y.F. Tsay and 5.5. Mitra, Appi. Opt. 13,
2382 (1974).

2. R. Braunstein and N. Ockmen I Introaction of Coherent Optical Radiation
with Solids, Final Report prepared for Office of Naval Research,
Department of Navy, Washington, D.C., Contract No. NONR-4128100,
Aug. 1964.

3. B.O. Serraphin and H.E. Bennet, in Semiconductors and Semimetals,
ed. by R.K. Willardson and A.C. Beer, Vol. 3, Academic PresN.Y.

* (1967).

4. D.E. McCarthy, Appi. Opt. 7, 1997 (1968).
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INDIUM PHOSPHIDE (InP)

Indium Phosphide: Refractive Index and Extinction Coefficient3

an n k n k Mn k
*0.062 0.793 0.494 0.197 1.526 1.991 0.945 3.374 0.000967

0.064 0.815 0.499 0.200 1.525 1.982 0.950 3.369 0.000527
0.065 0.834 0.493 0.203 1.508 2.005 0.953 0.000281 -0.067 0.843 0.487 0.207 1.500 2.063 0.955 3.3640
0.069 0.846 0.477 0.210 1.516 2.130 0.957 0.0001450.071 0.840 0.469 0.214 1.544 2.191 0.60 335i 00003
0.073 0.824 0.454 0.217 1.573 2.267 0.965 3.355 0.0000392
0.075 0.785 0.457 0.221 1.616 2.349 0.968 0.0000246
0.077 0.742 0.491 0.225 1.668 2.442 0.970 3.51i
0.079 0.719 0.529 0.229 1.737 2.553 0.972 ... 0.0000166
0.083 0.695 0.574 0.234 1.834 2.675 0.975 3.346 0.0000113

*0.085 0.675 0.645 0.238 1.960 2.801 1.00 3.327
0.089 0.688 0.706 0.243 2.132 2.982 1.10 3.268
0.092 0.701 0.765 0.248 2.451 3.166 1.20 3.231
0.095 0.726 0.820 0.253 2.885 3.144 1.30 3.205
0.099 0.754 0.861 0.258 3.335 3.039 1.40 3.186

*0.103 0.771 0.899 0.264 3.729 2.635 1.50 3.172
0.108 0.781 0.946 0.269 3.849 2.117 1.60 3.161
0.113 0.793 0.996 0.275 3.655 1.691 1.70 3.152

*0.118 0.797 1.056 0.282 3.473 1.549 1.80 3.145
0.124 0.806 1.154 0.288 3.347 1.468 1.90 3.139
0.125 0.820 1.172 0.295 3.248 1.415 2.00 3.134e
0.126 0.832 1.185 0.302 3.162 1.389 5.00 3.08

*0.128 0.840 1.198 0.310 3.105 1.392 6.00 3.07
0.129 0.847 1.210 0.318 3.054 1.401 7.00 3.07
0.130 0.852 1.225 0.326 3.027 1.440 8.00 3.06
0.132 0.859 1.237 0.335 3.024 1.489 9.00 3.06
0.133 0.861 1.253 0.344 3.047 1.550 10.00 3.05
0.135 0.865 1.269 0.354 3.082 1.622 12.00 3.05 0.0005270.136 0.868 1.287 0.364 3.192 1.747 13.08 0.000667
0.138 0.872 1.304 0.375 3.441 1.857 14.00 3.4 0.000886
0.139 0.874 1.324 0.387 3.835 1.804 14.40 0.001280.141 0.875 1.346 0.399 4.100 1.439 14.85 3.3 0.00300
0.142 0.877 1.375 0.413 4.083 1.056 15.00 .... 0.003710.144 0.885 1o403 0.427 3.982 0.816 15.24 .... 0.005250.146 0.894 1.433 0.443 3.833 0.670 15.32 .... 0.006170.148 0.909 1.458 0.459 3.754 0.599 15.45 ... 0.00626
0.149 0.919 1.486 0.477 3.675 0.531 15.52 .... 0.00563
0.151 0.934 1.512 0.496 3.621 0.480 15.74 ... 0.005220.153 0.947 1.539 0.517 3.567 0.430 15.85 ... 0.00613-* .155 0.960 1.566 0.539 3.521 0.389 16.00 .... 0.00712
0.157 0.973 1.594 0.563 3.472 0.358 16.14 ... 0.007460.159 0.984 1.627 0.590 3.450 0.334 16.21 ... 0.00667*0.161 1.000 1.664 0.620 3.430 0.298 16.28 ... 0.00516
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INDIUM PHOSPHIDE (InP)

Indium Phosphide: Refractive Index and Extinction Coefficient (Continued)

m n k X, an n k A n k

0.163 1.022 1.700 0.652 3.410 0.253 16.39 .... 0.00333
0.165 1.046 1.736 0.689 ... 0.206 16.55 .... 0.00231
0.167 1.072 1.771 0.729 ... 0.176 17.00 ... 0.00177
0.170 1.100 1.812 0.775 ... 0.163 18.00 .... 0.001810
0.172 1.136 1.847 0.826 ..... 0.140 18.93 .... 0.002320.
0.175 1.174 1.882 0.885 ..... 0.0906 19.51 .... 0.00384
0.177 1.215 1.915 0.921 .. 0.0571 19.62 .... 0.00473
0.180 1.261 1.941 0.925 396 0.0355 19.78 .... 0.00602
0.182 1.307 1.966 0.928 0.0204 20.00 ... 0.00794-
0.185 1.354 1.986 0.930 330 0.0109 20.19 .... 0.00949
0.188 1.402 2.004 0.935 3.385 0.00590 20.34 .... 0.0108
0.191 1.453 2.010 0.940 3.379 0.00318 20.42 .... 0.0115
0.194 1.496 2.008 0.942 ..... 0.00171 20.57 .... 0.0130

IL0
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INDIUM PHOSPHIDE (InP)
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Transmittance and reflectance of indium phosphide versus

wavelength4.
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LEAD SELENIDE
PbSe

STRUCTURE

CRYSTALLINE

SYMMETRY - Cubic, Fin3m

LATTICE CONSTANTS (A) - a = 6.124

PHYSICAL PROPERTIES

MOLECULAR WEIGHT - 286.17

DENSITY - 8.10

SOLUBILITY IN WATER (g/1OOg of H20) = Insoluble

THERMAL PROPERTIES

MELTING/SOFTENING TEMPERATURE (00 1358

LINEAR EXPANSION COEFFICIENT (*K-) = 7.65 X 10-6

THERMAL CONDUCTIVITY (cal/cmesec*OK) = 100 X 10-4S

SPECIFIC HEAT (callg)/*K

NEHAICAL PROPERTIES

* YOUNGS MODULUS-

HARDNESS ---

ELECTRICAL PROPERTIES

* DIELECTRIC CONSTANT = 250

* RESISTIVITY

BAND GAP ENERGY (eV) - 0.26e

EFFECTIVE MASS me i1  0.07 in0, m.t 0.039 in0

MOBILITY ie (cm2IV-sec) = 1020
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LEAD SELENIDE (PbSe)

I DETECTOR PROPERTIES

OPERATING MODE - Photoconductive

OPERATING TEMPERATURE ('K) = 77 145-235 295

MAXIMUM TEMPERATURE
FOR BLIP ("K) -- -=-

WAVELENGTH REGION mia) = 1-7 1-6 1-4.5

a DETECTIVITY, D* (cmHz 12/Watt)= 1-2.5x10 10  1-3x1010  1-5xI0 9

RESPONSE TIME (psec) = 15-150 10-40 1-3

References:

1. Santa Barbara Research Bulletin #67.
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LEAD SELENIDE (PbSe)

Ise

se
I1

Range of spectral detectivities, PbSe

(LTO) IR detectors with silicon window
(no cold filter or shields).
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LEAD SELENIDE (PbSe)

L J-
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Examples-o---- ectral---------------o---- -
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LEAD SELENIDE (PbSe)

100

Range of spcrl eeiv ie o

PbSe (ATO) IR detectors at 2950K.
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LEAD SELENIDE (PbSe)

L-- I I 1-!1 1 . U

J I - - - -t, 1 . ITO

10 too L

too to too too lee 4 lee 220 2 o

Example of detectivity vs. frequency Example of detectivity vs. temperature

for PbSe (ITO and LTO) cooled detectors . for PbSe (ITO and LTO cooled detectors

100CT (0a..11

A

z

I01 l0g 102 1104 101 t03 to% 104

Frequencqy 1118 Frequency 111al

Example of signal vs. frequency for1  Example of noise vs. frequency for ..-

PbSe (ITO and LTO) cooled detectors .PbSe (ITO and LTO) cooled detectors

10 100

280"N 10 iga 10

0.!ooto I A

lt 0.1
* --100 SO& 102 10'

to. ~ - I No boindginmuI
3 4 Example of response vs. frequency for

wernfIfglin 1m1.."II
Example of detectivity vs. temperature PbSe (AM) JR detectors
for PbSe (ATO) JR detectors.

ALL 2ir STERADIANS FIELD OF VIEW (FOY), 2950 BACKGROUND.
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LEAD SULFIDE (Galena)

PbS

STRUCTURE

CRYSTALLINE

SYMMETRY - Cubic, Fm3m

LATTICE CONSTANTS (A) = a = 5.936 0

PHYSICAL PROPERTIES

MOLECULAR WEIGHT = 239.28

DENSITY (g/cm 3) = 7.5

SOLUBILITY IN WATER (g/lOOg of H20) = 3 x 10- 6

THERMAL PROPERTIES

MELTING/SOFTENING TEMPERATURE (°K) = 1392

LINEAR EXPANSION COEFFICIENT (*K
- 1) 24 x 10-6

THERMAL CONDUCTIVITY (cal/cm-sec*K) = 500 x 10- 4

SPECIFIC HEAT (cal/g)/°K = 0.039

MECHANICAL PROPERTIES

YOUNGS MODULUS (PSI) = 1.64 x 10- 6

HARDNESS (mohs) = 2.5

ELASTIC CONSTANTS (bars) = C11=12.7, C12=2.98, C =2.48

ELECTRICAL PROPERTIES

DIELECTRIC CONSTANT = 170

RESISTIVITY = -

BAND GAP ENERGY (eV) = 0.37

EFFECTIVE MASS = 0.1 mo

* MOBILITY Pe (cm2/v-sec) - 550
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LEAD SULFIDE (PbS)

DETECTOR PROPERTI ES

OPERATING MODE = Photoconductive

OPERATING TEMPERATURE (K)0 77, 193, 295

MAXIMUM TEMPERATURE
FOR BLIP (00)

WAVELENGTH REGION (')= 1.45, 1-4, 1-35
1/2

DETECTIVITY, D* (crnHz /Watt) = 1 x 1011, 4 x 1011, 8 x 1010

RESPONSE TIME (i'sec) 3000, 5000, 100-500

References:

1. Santa Barbara Research Center Bulletin.
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LEAD SULFIDE (PbS)

ISO

-00

I 2 21 4 5I
. We~.Iemgl l a m l

Range of spectral detectivities I for !

PbS (LTO) at 770K. S
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LEAD SULFIDE (PbS)

SS~

at

Range of spectral detectivities for PbS

(ITO) at 193*K.
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LEAD SULFIDE (PbS)

lose-

Range of spectral detectivities1 for

PbS (ATO) at 2950K.
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LEAD SULFIDE (PbS)

T I

a IT

1010 1 HIM
10' 102 103 10.4

Frequncy IHZ)
Example of detectivity vs. frequency for PbS
detectors1

Iol

00

60 100 140 130 220 260 300
* Temprure (degrees Kelvin) -

Example of detectivity vs. temperature for PbS

(ITO) detectors.

100

3 0 t

190

10' 10 10 10'

Freencmy 1Hz)

Example of signal vs. frequency for PbS
detectors.
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LEAD-TIN-TELLURIDE

Pbl-xSnxTe

STRUCTURE 0

CRYSTALLINE

SYMMETRY - Cubic, Fm3m

LATTICE CONSTANTS (A) I "a" varies with x from
6.312*0.001 to 6.461*0.002

PHYSICAL PROPERTIES

MOLECULAR WEIGHT = •.

DENSITY (g/cm 3) = "

SOLUBILITY IN WATER (g/lOOg of H20) =

THERMAL PROPERTIES

MELTING/SOFTENING TEMPERATURE (°K) = varies from 1079 to 1197
depending on x

LINEAR EXPANSION COEFFICIENT (K - ) =

THERMAL CONDUCTIVITY (cal/cm-sec-*K) =

SPECIFIC HEAT (cal/g)/K =

MECHANICAL PROPERTIES

YOUNGS MODULUS =

HARDNESS (Vickers: kg/mm 2) = 30 to 62

ELECTRICAL PROPERTIES

DIELECTRIC CONSTANT

RESISTIVITY

BAND GAP ENERGY (eV) = varies with x from 0.32 to 0.2 _ .

EFFECTIVE MASS m =

MOBILITY l /e(Cm2 v-sec) = varies from 8192 to 121
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LEAD-TIN-TELLURIDE (PS1I-xSnxTe)

DETECTOR PROPERTIES

OPERATING MODE - PC PY

OPERATING TEMPERATURE (OK) - 77 77

MAXIMUM TEMPERATURE
FOR BLIP (90---

WAVELENGTH REGION (i)- 2-11 2-14

1/2
Detectlvity, 0* (cmHz / Watt) 3 x 108 2 x 101i

RESPONSE TIME (usec) s 1.5 X 10-2 2 x 10-2

.0 .. .. .

References:

1. J.W. Wagner and R.K. Willardson, Trans. AIME 242, 366 (1968).
2. 1. Meingailis and T.C. Harman, Appi. Phys. Lett. 13, 180 (1968). -

3. The Infrared Handbook, ed. by W.L. Wolfe and G.J. Zissis, The Infrared
Information and Analysis Center, ERIM (1978).
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LEAD-TIN-TELLURIDE (Pb Sn Te)
l-x x

LAMTCE PAUMI!M
".

PbTe- 6.461 1.001
Sn~b &312 t .001

o OJ 6.203 '0.4 6.3 OA 0.7 08 0.9 10
Pbre SnTs

Lattice parameters of single crystals of PbTe-SnTe.
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LEAD-TIN-TELLURIDE (Pb 1xSn xTe)

000

4.2 K

*80.20

77*7K
C7

urn 0.1?

s ? 7 o 20 30
WAVELENGTH (p)~

Responsivity spectra of Pb 1xSn xTe
2 l

photoconductors
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LEAD-TIN-TELLURIDE (Pb 1xSn xTe)
l-x x nxT

PPb 1x SnnTe

100

I Wilnpd p A Up A.. pAp..

11 102 1,3 3o 4 6 1 10 12 14
Frequency (lfe) Wavelength (a M

Frequency response of detector D* Spectral response 3 of detector D*

and nois (X,l kHz).

Pbi-x SnxTe Pb,-x SnxTe ~-
AW Theoretical03 40 E

Improvement5.

E 0.2 7.0

2 to 1~

30 120
aca

______________ ~ 0 0.2 0.4 .!6 0.0 1.0 U

0 20 40 60 0100 10140 T.Se
field of View (dog) a-

Dependence of detectivity ipoe Energy gap3 of Pb lxSn Te as a function-

ment on FOV. of x, the mole fraction of Sn Te.
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LITHIUM FLUORIDE

1fF

0

STWUCTURE

CRYSTALLINE

SY ETRY = Cubic, Fm3m

LATTICE CONSTANTS (A) = a = 4.0270

PHYSICAL PROPERTIES

MOLECULAR WEIGHT = 25.94 .

DENSITY (g/cm 3) = 2.639

SOLUBILITY IN WATER (g/lOOg of H20) = 0.27

THERMAL PROPERTIES

MELTING/SOFTENING TEMPERATURE (*K) f 1403

LINEAR EXPANSION COEFFICIENT (OK-1 ) = 37 x 10- 6

THERMAL CONDUCTIVITY (cal/cm-sec.*K) = 340 x 104

SPECIFIC HEAT (cal/g)/*K = 0.373

MECHANICAL PROPERTIES -*

YOUNGS MODULUS (PSI) = 9.4 x 10 :

HARDNESS = 113 (at 600g)

ELASTIC CONSTANTS (bars) = C1 1f9.74, C12 74.04, C
llo9.74,~ C 124.4 C 4455

ELECTRICAL PROPERTIES

DIELECTRIC CONSTANT = 9.0 in the range 102 - 1010 Hz

RESISTIVITY ,

BAND GAP ENERGY -

EFFECTIVE MASS ,

MOBILITY
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LITHIUM FLUORIDE (1OF

OPTICAL PROPERTIES

* DISPERSION EQUATION:

n = A + BL + CL 2 + D X2 +EX 2

where A = 1.38761
B = 0.001796
C = 0.000041
D = -0.0023045
E = -0.00000557

References:

1. L.F. Tilton & E.K. Plyler, J. Research NBS 47, 25 (1951); M. Herzberger
and C.D. Salzberg, J. Opt. Soc. Am. 52, 42T1962).

2. R.A. Smith, F.E. Jones and R.P. Chasmar in The Detection and Measurement
of Infrared Radiation, The Clarendon Press, Oxford, p. 337 (1951)

*3. D.E. McCarthy, App. Opt. 2., 591 (1965).

4. M4. Klier, Z. Physik 150, 49 (1958).
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LITHIU14 FLUORIDE CuF)

The Refractive Index of Lithium Fluoride1

at 23.6%

Wave- Refractive Wave- Refractive Wave- Refractive
length Index length Index length Index

0.5 1.39430 2.4 1.37446 4.3 1.34319
0.6 1.39181 2.5 1.37327 4.4 1.34100
0.7 1.39017 2.6 1.37203 4.5 1.33875
0.8 1.38896 2.7 1.37075 4.6 1.33645
0.9 1.38797 2.8 1.36942 4.7 1.33408
1.0 1.38711 2.9 1.36804 4.8 1.33165
1.1 1.38631 3.0 1.36660 4.9 1.32916
1.2 1.38554 3.1 1.36512 5.0 1.32661
1.3 1.38477 3.2 1.36359 5.1 1.32399
1.4 1.38400 3.3 1.36201 5.2 1.32131
1.5 1.38320 3.4 1.36037 5.3 1.31856
1.6 1.38238 3.5 1.35868 5.4 1.31575
1.7 1.38153 3.6 1.35693 5.5 1.31287
1.8 1.38064 3.7 1.35514 5.6 1.30993
1.9 1.37971 3.8 1.35329 5.7 1.30692
2.0 1.37875 3.9 1.35138 5.8 1.30384
2.1 1.37774 4.0 1.34942 5.9 1.30068
2.2 1.37669 4.1 1.34740 6.0 1.29745
2.3 1.37560 4.2 1.34533
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LITHIUM FLUORIDE (LiF)
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LITHIUM FLUORIDE (LiF)

a 0 0

a 0 2 0 ~ -0 0 0

900

90 - 4- - - - - - - - - - - - - - - - -

70 -

01 t

2 S 10 15 20 25 30 35 40 4S 50
S(MIONS)

Transmittance and reflectance of LiF versus wavelength, 5 mmn.
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LITHIUM FLUORIDE (LiF)

0

upi
Ne 2

101

4--
10 1__ _ _ ___ __ __ _ _ ___.. .._ ___

I0-4 t'
St- MOC

.- . .A

07

6 8~ 10 12 1416 182

Temperature dependence of extinction coefficient of LiF.

Lii-.. ,-. • -.
t. .. .

~0

-

A-If5V w '"2:2

1 , . -



LITHIUM NIOSATE

Li~bO3

CRYSTALLINE

SYMMETRY - Rhombohedral, 3.m-

LATTICE CONSTANTS (A) - aRh = 5.492 (Rhombohedral)
9h = 550531

a'" = 5.147 (Hexagonal)
PHYSICAL PROPERTIES NH = 13.857

MOLECULAR WEIGHT = 147.85

DENSITY (g/cm3) 4.70

SOLUBILITY IN WATER (g/1009 of H20) < 0.005

THERMAL PROPERTIES

MELTING/SOFTENING TEMPERATURE (*K) = 1533

LINEAR EXPANSION COEFFICIENT (OK-) = 16.7 x 10-6e

THERMAL CONDUCTIVITY (cal/cm-sec-*K) = 0.1

*SPECIFIC HEAT (cal/g)/*K = 0.153

* MECHANICAL PROPERTIES

* YOUNGS MODULUS (PSI) - Not Available

HARDNESS (Mob) - -5

ELASTIC CONSTANTS (10OON/.2) - C11  C12 C13 C14  C33  C44 C66
Constant Field 20.3 5.3 7.5 0.9 24.5 6.0 7.5
Constant Displacement 21.9 3.7 1.6 -1.5 25.2 9.5 9.1

ELECTRICAL PROP ERT IES

DIELECTRIC CONSTANT

RESISTIVITY (Glum-cm) a 5 x 106 at 400*C
140 at 1000OC

71O 2.823 CT in 0 0)
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LITHIUM NIOSATE (Li~bO)

ELECTRICAL PROPERTIES (CONTINUED)

BAND GAP ENERGY - --

EFFECTIVE MASS - --- I

MOBILITY-

ELECTRO-OPTIC COEFFICIENTS (10-'2 8v)0

r2= 5.7 at 1. 15 wn

r2= 3.1 at 3.39iim

2,3

SECOND HARMONMIC COEFFICIENTS (1O'2 M/V)

d2= 3.07 1 0.28

d3 l = 5.82 * 0.85

d3  = 40.68 1 10.4

d 5.01 *0.47

d2 2.41 *0.95 S

PIEZOELECTRIC CONSTANTS (ROOM TEMPERATURE)

d15  =6.8 x 10-11 C/N e15  =3.1 C/rn2

d2 2.1 (2.1) e2 2.5

dl= -0.1 (-0.086) e3 l = 0.2

*d 33  ' 0.6 (1.62) e33  = 1.3

h5=9.5 x 109 N/C = 91x1 2 n/

h2 = 6.4 922  ' 2.8

*h 3 l ' 0.8 931  = -0.4

h3 =5.1 g 3  =2.3
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LIH NIOBATE (L'Nb03)

PIEZOELECTRIC CONSTANTS" (TEMPERATURE DEPENDENCE)

d3 ' 1.62[1 + (T-20)2.9 x 10-4) X 10-11 C/N

Pd 31  0 -0.086[l + (T-20)11 X 10- 4)

d2 2.1[1 + (T-20)2.4 x 10-4)

d5=7.4(1 + (T-20)2.8 X 1()4

References:

* -1. P.11. Smabula and P.C. Claspy, Trans. AJ41E 239, 421 (1967).
2. G.D. Boyd, R.C. Miller, K. Nassau, W.L. Bond and A. Savage, Appi. Phys.

Lett. 5, 234 (1964).
3. R.C. Miller and A. Savage, Appl. Phys. Lett..9, 169 (1966).
4. T. Yamiada, et. al, Jap. J. Appl. Phys. 6, 151 (1967).
5. K. Nassau, et. al, J. Phys. Chem. Solids 27, 989 (1966).
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LITHIUM NIOBATE (Li"bO3)

LITHIUM NIOBATE

REFRACTIVE INDICES OF LiNbO3

Wavelength T =25% T =80%

(microns) ne no ne no

0.42 2.3038 2.4144 2.3090 2.4170
0.45 2.2765 2.3814 2.2814 2.3836
0.50 2.2446 2.3444 2.2498 2.3462
0.55 2.2241 2.3188 2.2276 2.3199
0.60 2.2083 2.3002 2.2118 2.3013
0.65 2.1964 2.2862 2.1993 2.2865
0.70 2.1874 2.2756 2.1900 2.2758
0.80 2.1741 2.2598 2.1766 2.2600
0.90 2.1647 2.2487 2.1671 2.2490
1.00 2.1580 2.2407 2.1601 2.2407
1.20 2.1481 2.2291 2.1503 2.2293
1.40 2.1410 2.2208 2.1426 2.2208
1.60 2.1351 2.2139 2.1372 2.2138
1.80 2.1297 2.2074 2.1318 2.2074
2.00 2.1244 2.2015 2.1265 2.2011
2.20 2.1187 2.1948 2.1211 2.1947
2.40 2.1138 2.1882 2.1156 2.1881
2.60 2.1080 2.1814 2.1099 2.1812
2.80 2.1020 2.1741 2.1037 2.1738
3.00 2.0955 2.1663 2.0972 2.1660
3.20 2.0886 2.1580 2.0903 2.1577
3.40 2.0814 2.1493 2.0830 2.1490
3.60 2.0735 2.1398 2.0746 2.1396
3.80 2.0652 2.1299 2.0669 2.1298
4.00 2.0564 2.1193 2.0582 2.1193
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LITHIUM NIOBATE (LiflbO,.)

~10

6.6

4.3
4J

U) 0

4.39
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LITHIUM NIOBATE (LiNbO3)

4S

40j "ac C

350

'301D-
4.. C

U 9

Freq~uency (Hz) O.

Dielectric constants of LiNbO3 as a function of
frequency at several temperatures 4.

S

7006so - •f

40

100 200 300 400 500 600 10 00900 00
Temperature (c)

Dielectric constants of LINbO 3 as a function of temperature at

105 z.Te€ curve shows the expected high temperature
increase as the Curie temperature is approached.

200

.s - .

ISO-

0 1-12.
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LITHIUM NIOBATE (LiNbO 3)

I IV EU W I,

d6

j0-09-

Z2.2-
ad

76- d~

75

7:4

0 100 200
Temferature (OC)

4Temperature dependence of piezolectric constant of LiNbO3.
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LITHIUM TANTALATE

* UTaO3

STRUCTURE

* CRYSTALLINE

* SYMMETRY - Rhombohedral, 3m

LATTICE CONSTANTS (A) - aRh =5.470 (Rhombohedral)
'Rh =56*12'
aH =5.153 (Hexagonal)

PHYSICAL PROPERTIES CH =13.756

MOLECULAR WEIGHT - 235.885

DENSITY (g/cni 3) 7.3, 7.454

SOLUBILITY IN WATER (g/lOOg of H20)

THERMAL PROPERTIES

MELTING/SOFTENING TEMPERATURE (OK) = 1833

THERMAL EXPANSION COEFFICIENT (OK') ac= 5.7 x 10O6o a 21 x 10-6

THERMAL CONDUCTIVITY (W/cniK) = 0.05 at 3000K, 0.45 at 20"K

PHASE TRANSITION TEMPERATURE (OK) = 933

(Ferroelectrf c - Paraelectric)

MCHANICAL PROPERTIES

YOUNGS MODULUS - -

HARDNESS-

ELECTRICAL PROPERTIES

DIELECTRIC CONSTANT - -

k-RESISTIVITY-

BAND GAP ENERGY-

EFFECTIVE MASS - --

MOBILITY - -
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LITHIUM4 TANTALATE (LiTaO3)

OPTICAL PROPERTIES

TRANSMISSION RANGE* : = up to 6itui

I DISPERSION EQUATION : =

tLECTRO-OY1C COEFFICIENTS' (12EV

r33- 27 r5l = 15.

(all at 3.39 mi)
r1 4.5 r2 -3

SECOND~ HARMONIC COEFFICIENTS 2  (10 12 ajV)

d2 (2.08 k0.24) at 1.0582 au

d 31 =(1.28 *0.24) at 1.0582 mu

d3i * (19.39 *2.36) at 1.0582mi

RELATIVE DIELECTRIC CONSTANTS (ROOM TEMPERATURE)

a eca

41 43 51 45

43 47

41 42 53 44

P38.3 46.2

PIEZO-ELASTIC CONSTANTS (10" C/N)

dja b

d2.6 2.6

d20.7 0.85

d -0.2 -0.30

d33 0.8 0.92
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LITHIUM TANTALATE (LiTaO3

ELASTIC STIFFNESS CONSTANTS (10 10 N/. 2) AT ROOM TEMPERATURE
CONSTANT FIELD (E)

C C C C cC
11i 12  13  14 C33  C4 4  C66

22.98 4.41 8.11 -1.04 27.81 9.68 9.29
23.3 4.7 8.0 -1.1 27.5 9.4 9.3
22.8 3.1 7.4 -1.2 27.1 9.6 9.8

CONSTANT DISPLACEMENT (0)

Cc1 1  C12  C13  C14 C33  C4 4  C6 6

23.8 2.1 7.3 -2.7 28.2 11.7 10.9
23.9 4.1 8.0 -2.2 28.4 11.3 9.9

References:

1. E.H. Tamer, J. Opt. Soc. Am. 56, 1426 (196§).

2. R.C. Miller, Appl. Phys. Lett. 9, 169 (1966).

3. W.L. Bond, J. Appl. Phys. 36, 1674 (1965).
4. G.M. Lolcono, Appl. Opt. 7 555 (1968).

5. A.A. Ballman, et al, Amer. Ceram. Soc. J. 50, 657 (1967).

6. T. Yamada, et al, Japan J. Appl. Phys. 7., 292 (1968).

A-12

i -

A-125

... .. ....... ,. .. ... -,. .- - . , . ,•. . " :



IL0

LITHIUM TANTALATE (LiTaO3)

LITHIUM TANTALATE (LiTaO3 )
3

Refractive Indicies at Room Temperature

Wavelength no ne

0.45, 2.2420 9.2468
0.50 2.2160 2.2205
0.60 2.1834 2.1878
0.70 2.1652 2.1696
0.80 2.1538 2.1578

0.90 2.1454 2.1493
1.00 2.1391 2.1432
1.20 2.1305 2.1341
1.40 2.1236 2.1273
1.60 2.1174 2.1213

1.80 2.1120 2.1170
2,,00 2.1066 2.1115
2.20 2.1009 2.1053
2.40 2.0951 2.0993
2.60 2.0891 2.0936

2.80 2.0825 2.0871
3.00 2.0755 2.0799
3.20 2.0680 2.0727
3.40 2.0601 2.0649
3.60 2.0513 2.0561

3.80 2.0424 2.0473
4.00 2.0335 2.0377
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LITHIUM TANTALATE (LiTaO)

3S

100 L~O

90
80
7 0

50

30
20

H1
.0

2 3 4 5' 6 7 8

Wavelength (Microns)

Transmission versus wavelength 4 of LiTaO : a) 8mm thick

and annealed, b) 8mm thick and poled at 250 V/cm.
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LITHIUM TANTALATE (LiTaO)

0.0 0 4

Q) 
M OC' a

C002[

0-004 1 __
600 S20 640 660 6070 T O '

Curic Temperature 0 C)

Birefringence as a function of Curie temperature5

for single crystal LiTaO 3.
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LITHIUM TANTALATE (LiTaO 3)

0

T
C 3 3

10

C111

Temp~erature (00 -

Dielectric constants of LiTaO 3 as a function
Tof temperature. The e curve shows the expected

high temperature increase a$ the Ctirip tghiperature

is approached.

-0

A-129 9



S

MERCURY CADMIUM TELLURIDE

tHgl-xCdxTe'

STRUCTURE

CRYSTALLINE

SYMMETRY Cubic, 43m S

LATTICE CONSTANTS (A) varies linearly with x from
a = 6.482 to 6.462

PHYSICAL PROPERT.IES

MOLECULAR WEIGHT

DENSITY (g/cm 3) = varies linearly with x from
5.7 to 8.1

SOLUBILITY IN WATER (g/lOOg of H 20) = -

THER1AL PROPERTIES

MELTING/SOFTENING TEMPERATURE (OK) = varies from 946 to 1366
-6-

LINEAR EXPANSION COEFFICIENT ("K-1) = 4.3 x 10 at x 0.2

THERMAL CONDUCTIVITY (cal/cm-sec*OK) = 0.2 at x = 0.2

SPECIFIC HEAT (cal/gm)/K =

MECHANICAL PROPERTIES

YOUNGS MODULUS =

HARDNESS = ---

ELASTIC CONSTANTS (1011 dyn/cm 2) = C11=5.39, Co2=3.78, C =2.04

ELECTRICAL PROPERTIES

DIELECTRIC CONSTANT = ---

RESISTIVITY =

BAND GAP ENERGY (eV) = varies from 0.15 at x = 0,2
to 1.54 at x = I

EFFECTIVE MASS = -

MOBILITY me (cm 2/v-sec) = 2.5 x 105 at x = 0.2
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MERCURY CADMIUM TELLURIDE (Hg1..1CdxTe)

DETECTOR PROPERTI ES

OPERATING MODE - Photoconductive Photovol taic

OPERATING TEMPERATURE (*K) = 77 77

MAX IMUM TEMP ERATURE
FOR BLIP (60= ---

WAVELENGTH REGION (iVn) = Function of Function of

12composition composition

DETECTIVITY, D* (cmHz /Watt) = 2 x 1010 2 x 1010

RESPONSE TIME (Psec) = 0.001 to .008 0.001 to .008

* References: ,

1. 0. Long and J.L. Schmit, in Semiconductors and Semimetals, Vol. 5, ed.
by R.K. Willardson and A.. Beer, Academic Press, New YorK, p. 13 (1970).

2. 14.8. Reine and R.M. Broudy, SPIE Proceedings, 124, 80 (1977).

3, Santa Barbara Research Center Bulletin.
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MERCURY CADMIUM TELLURIDE (Hg1 xCdxTe)
Hgl-x CdxTe

-6480  ,DENSITY -75
0 E

00
z 6475- 7

00

-6.465-6.

0 0 LATTICE CONSTANT

0 0.1 0.2 0.3 6.4 0.5 0.6 0.7 0.8 09 10

Lattice constant and density versus alloy composition x in Hgl1 xCdxTe.

30 Hg,~xCdxTe

25

-0. QJa ~6 -Cd To

,20

z

0 1 r.22

0.

TEMPERtATLRE (*IQ

Cut-off wavelength for Hg1 xCd xTe as a function of

temperature and alloy composition ,
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MERCURY CADMIUM TELLURIDE (Hg1 xCdxTe)

Hgi1 x Cdx Te 
g-CdT

A

a 102 108 104 Joe log 10'

& orFrequency INsl

Example of detectivity vs. frequency
a so 12 1 163

. * . Ii 4 l~ for HgCdTe IR detectors

Range of spectral detectivity of typical3 g-CdT
HgCdTe IR detectors for standard material 1- 0

- f.pens~ity -

010

Hg- Cd, Te 1009 oS

J OB 108 104 103 106 10'

I Ptmqwency 11Ma)

jig ~ CExample of responsivity and noise vs.

*frequency for HgCdTe IR detectors

A and C show A
approimate response H S Cdx

of speial Matiel. lol"
a shows approwifflef

I esonse of standard motorit
* 8 101214 14 Is

Relative response of typical HgCdTe i
IR detectors. Wavelength of peakz

response can be adjusted by varying

alloy composition 3.

?a 90 110 130

Tempera~tr. 09

Example of detectivity vs. temperature
3

for HgCdTe IR detectors .(peak response

at 770 K 1 microns).
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ERCURY SULFIDE (Cinnabar, Metacinnabar)
HgS

STRUCTURE0

CRY STALL INE

SYMMETRY = Trigonal * 32

LATTICE CONSTANTS (A) a = 4.149 * 0.001
c = 9.495 * 0.002

PHYSICAL PROPERTIES

MOLECULAR WEIGHT = 232.65

DENSITY = 8.10

SOLUBILITY IN WATER (g/lOOg of H 20) = 0.00001

THERMAL PROPERTIES

MELTINO~/SOFTENINt TEMPERATURE (OK) u 856

LINEAR EXPANSION COEFFICIENT (OK-1) = -

THERMAL CONDUCTIVITY (cal/cm-sec-K) = -

SPECIFIC HEAT (cal/g)/*K = -

MECHANICAL PROPERTIES

YOUNGS MODULUS = Not available

HARDNESS = Not available

ELECTRICAL PROPERTIES

DIELECTRIC CONSTANT = -

RESISTIVITY - -

BAND GAP ENERGY (eV) = 2.75

EFFECTIVE MASS = -

MOBILITY - -
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ERCURY SULFIDE (HgS)

OPTICAL PROPERTIES

TRANSMISSION RANGE: 0.6 to 14 wn

DISPERSION EQUATION: --

ACOUSTO-OPTIC PROPERTIES

ACOUSTIC VIBRATION POLARIZATION DIRECTION = Long. (Reference 1)

ACOUSTIC VELOCITY (km/s) - 2.45

LIGHT VIBRATION POLARIZATION DIRECTION = Ordinary

FIGURE OF MERIT (M2 = n p/p)- 296

ACOUSTIC ATTENUATION (dB/cm) at 500 MHz = 7.1

ELECTRO-OPTIC COEFFICIENTS (10-12 0/0)

r = 4.2 at 3.39 mn (Reference 2)

=~ 2.4 at 3.39 wi

* SECOND HARMONIC COEFFICIENTS (1012 .gfV)

dii =62.8 *21 (Reference 3)

d1L 50.3 *17 (Reference 4)

References:

1. J. Sparlel, Appi. Phys. Lett. 19, 533 (1971).

2. E.H. Turner, IEEE. J. Quant. Elec. _qE3, 695 (1967).

*3. J. Jerphagnon, E. Batifol, G. Tsoucarls and M. Sourbe, C.R. Acad. Sci.
Paris 8265 495 (1967).

*4. G.D. Boyd, T.J. Bridges, and E.G. Burkhardt, IEEE. J. Quant. Ed. _qLj,
515 (1968).

5. W.L. Bond, G.D. Boyd, and H.L. Carter, J. Appi. Phys..38, 4090 (1967).

6. Y. Toudic and R. Aumont, J. Crystal Growth 10. 170 (1971).
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MECR SUFD0HS

*MRCR SULFIDE IS)IE(H

5
REFRACTIVE INDICIES AT ROOM TEMPERATURE

Wavelength S
(urn)no

0.62 2.9028 3.2560
0.65 2.8655 3.2064
0.68 2.8384 3.1703
0.70 2.8224 3.1489 q
0.80 2.7704 3.0743

0.90 2.7383 3.0340
1.00 2.7120 3.0050
1.20 2.6884 2.9680

P.1.40 2.6730 2.9475
1.60 2.6633 2.9344

1.80 2.6567 2.9258
2.00 2.6518 2.9194
2.20 2.6483 2.9146
2.40 2.6455 2.9108
2.60 2.6433 2.9079

2.80 2.6414 2.9052
3.00 2.6401 2.9036
3.20 2.6387 2.9017
3.40 2.6375 2.9001
K3.60 2.6358 2.8987

3.80 2.6563 2.8971
4.00 2.6348 2.8963
5.00 2.6267 2.8863
6.00 2.6233 2.8799
7.00 2.6156 2.8741

8.00 2.6112 2.8674
9.00 2.6066 2.8608

10.00 2.6018 2.8522

11.00 2.5914 2.84340

A-136



MERCURY SULFIDE (NgS)

OPTICAL PROPERTIES

TRANSMISSION RANGE: 0.6 to 14 m

DISPERSION EQUATION: ---

ACOUSTO-OPTIC PROPERTIES

ACOUSTIC VIBRATION POLARIZATION DIRECTION = Long. (Reference 1)

ACOUSTIC VELOCITY (km/s) = 2.45

LIGHT VIBRATION POLARIZATION DIRECTION Ordinary

FIGURE OF MERIT (M2 = n
6p2/pv3) - 296

ACOUSTIC ATTENUATION (dB/cm) at 500 MHz = 7.1

ELECTRO-OPTIC COEFFICIENTS (10-12 M/v)

r1i = 4.2 at 3.39 un (Reference 2)

rbi = 2.4 at 3.39 m--

SECOND HARMONIC COEFFICIENTS (1012 m/v)

dii 62.8 * 21 (Reference 3)

dii - 50.3 * 17 (Reference 4)

References:

1. J. Spariel, Appl. Phys. Lett. 19, 533 (1971).

2. E.H. Turner, IEEE. J. Quant. Elec. E3 695 (1967).

3. J. Jerphagnon, E. Batifol, G. Tsoucaris and M. Sourbe, C.R. Acad. Sci.
Paris 8265j 495 (1967).

4. G.D. Boyd, T.J. Bridges, and E.G. Burkhardt, IEEE. J. Quant. Ed. QE4,
515 (1968).

S. W.L. Bond, G.D. Boyd, and H.L. Carter, J. Appl. Phys. 38, 4090 (1967).

6. Y. Toudic and R. Aumont, J. Crystal Growth 10. 170 (1971).
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;S

iERCURY SULFIDE (HgS)

ERCURY SULFIDE (a-HgS)

REFRACTIVE INDICIES AT ROOM TEIPERATURE

Wavelength 0

() no ne

0.62 2.9028 3.2560
0.65 2.8655 3.2064
0.68 2.8384 3.1703
0.70 2.8224 3.1489 S
0.80 2.7704 3.0743

0.90 2.7383 3.0340
1.00 2.7120 3.0050
1.20 2.6884 2.9680
1.40 2.6730 2.9475 o
1.60 2.6633 2.9344

1.80 2.6567 2.9258
2.00 2.6518 2.9194
2.20 2.6483 2.9146
2.40 2.6455 2.9108
2.60 2.6433 2.9079

2.80 2.6414 2.9052
3.00 2.6401 2.9036
3.20 2.6387 2.9017
3.40 2.6375 2.9001 -
3.60 2.6358 2.8987

3.80 2.6563 2.8971
4.00 2.6348 2.8963
5.00 2.6267 2.8863
6.00 2.6233 2.8799 S

7.00 2.6156 2.8741

8.00 2.6112 2.8674
9.00 2.6066 2.8608
10.00 2.6018 2.8522
11.00 2.5914 2.8434 -0
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MERCURY~ SULFIDE (HgS)

100

-,WON
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POTASSIM IODIDE
KI

STRUCTURE

CRYSTALLINE

SYMMETRY - Cubic, Fi3m0

LATTICE CONSTANTS (A) - a =7.0655

PHYSICAL PROPERTIES

MOLECULAR WEIGHT - 166.02

DENSITY (g/cui3) - 3.13

SOLUBILITY IN WATER (g/lOOg of H20) = 144.5

THERMAL PROPERTIES

MELTING/SOFTENING TEMPERATURE (OK) = 996

LINEAR EXPANSION COEFFICIEN4T (OK-1) = 42.6 x 1-

THERMAL CONDUCTIVITY (cal/cm-sec'OK) = 50.1 X 10-4

SPECIFIC HEAT (cal/g)/*K - 0.0725

MECHANICAL PROPERTIES

YOUNGS MODULUS (PSI) - 4.57 x 10-6

HARDNESS - 5

ELASTIC CONSTANTS (bars) = C11=3.32, C 12=0.578, C44=0.620

ELECTRICAL PROPERTIES

DIELECTRIC CONSTANT - 4.94 at 2 x 10r6 Hz B

RESISTIVITY-

BAND GAP ENERGY-

EFFECTIVE MASS - --

MOBILITY
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POTASSIUM4 IODIDE (KI

References:

1. A. Smakula; Einkrlstalle, Springer-Verlog, Berlin, p. 388 (1962).

2. Isomet Corporation, Optical Crystals, Bull. No. 1011.
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POTASSIUM IODIDE (KI)

POTASSIUM IODIDE

Refractive Index versus Wavelength of Potassium lodide l

(from 0.248 - 1.083m at 20"C; from 1.18 - 29.Ow at 380C)

An n.n

0.248 2.0548 0.656 1.65809 10.02 1.6201
0.254 2.0105 0.707 1.6537 11.79 1.6172
0.265 1.9424 0.728 1.6520 12.97 1.6150
0.270 1.9221 0.768 1.6494 14.14 1.6127
0.280 1.8837 0.811 1.6471 15.91 1.6085
0.289 1.85746 0.842 1.6456 18.10 1.6030
0.297 1.83967 0.912 1.6427 19 1.5997
0.302 1.82769 1.014 1.6396 20 1.5964
0.313 1.80707 1.083 1.6381 21 1.5930
0.334 1.77664 1.18 1.6366 22 1.5895
0.366 1.74416 1.77 1.6313 23 1.5858
0.391 1.72671 2.36 1.6295 24 1.5819
0.405 1.71843 3.54 1.6275 25 1.5775
0.436 1.70350 4.13 1.6268 26 1.5729
0.486 1.68664 5.89 1.6252 27 1.5681 O
0.546 1.67310 7.66 1.6235 28 1.5629
0.588 1.66654 8.84 1.6218 29 1.5571
0.589 1.66643
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POTASSIUM IODIDE (KI)

6.00

-G

41

0 .0wsei

A-141



SILVER CHLORIDE (CERARGYRIrE)

STRUCTURE

CRYSTALLI NE

SYMMETRY = Cubic, P.3.

LATTICE CONSTANTS (A) = a =5.549

PHYSICAL PROPERTIES

MOLECULAR WEIGHT = 143.34

DENSITY (g/cm3) 5.56

SOLUBILITY IN WATER (g/lOOg of H20) = 1.5 X 10- 4.

THERMAL PROPERTIES

MELTING/SOFTENING TEMPERATURE (*K) = 731

LINEAR EXPANSION COEFFICIENT (OK-) = 30 x 10-6

THERMAL CONDUCTIVITY (cal/cm-sec-'K) = 27.5 X 10-4

SPECIFIC HEAT (calfg)/*K = 0.0848

* MECHANICAL PROPERTIES

YOUNGS MODULUS (PSI) = 2.9 x 106

HARDNESS = 9.5 (200g)

ELECTRICAL PROPERTIES

DIELECTRIC CONSTANT 12.3

RESISTIVITY=

BAND GAP ENERGY

EFFECTIVE MASS ---

MOBILITY
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SILVER CHLORIDE (AgCi)

OPTICAL PROPERTIES: --

DISPERSION EQUATION:

=2 4.00804 -0.00085111.A
2  -

-0.O000019762X4~

+ 0.079086/(A2- 0.04584)

References:

1. D.E. McCarthy, Appi. Opt. 2., 591 (1963).

2. L.W. Tiltoni, E.K. Plyler and R.E. Stephens, J. Opt. Soc. Am. 40.,
540 (1950).
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SILVER CHLORIDE (AgCl)

CM

Sis 20 2 30 S 40 41 - SO

A - 'IONS

Trnmtac an Reletac vesu waeent

of sive chord - - - 5mm- -

fi l 111 o11N

4 1 - - - -

La4 - - - - - - -

Rnsitacie andeflcc versus wavelength 

osilver chloride,O5ui
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* SILVER THIOANTINONITE (PYRARGYRITE)

* Ag3SbS3

STRUCTURE

* CRYSTALLINE

* SYMMETRY - Trlgonal, 3m

LATTICE CONSTANTS (A) - a = 3.084

c = 2.881

* PHYSICAL PROPERTIES

* MOLECULAR WEIGHT - 541.55

* DENSITY (glcru3) 5.76

SOLUBILITY IN WATER (g/lOOg of H20)

THERMAL PROPERTIES

MELTING/SOFTENING TEMPERATURE ('K)0 879

* LINEAR EXPANSION COEFFICIENT (OK1) = -

THERMAL CONDUCTIVITY (cal/cm-sec-*K) = -

SPECIFIC HEAT (cal/g)/*K = -

* ECHANICAL PROPERTIES

- ~YOUNGS MODULUS = -

HARDNESS = -

* ELECTRICAL PROPERTIES

DIELECTRIC CONSTANT = -

RESISTIVITY = -

* ~BAND GAP ENERGY - -

EFFECTIVE MASS = 0

MOBILITY -
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SILVER THJOANTINONITE (Ag3SbS3)

OPTICAL PROPERTIES

ABSORPTION COEFFICIENT (OX 10.611n): do 0.34 *0.05 cm-1

cae 0.08 *0.04 cm1

REFLECTION LOSSES: 20 -24% for X 0.75 1 3i m

SECOND HARMONIC COEFFICIENTS (10 12 g/V)

d 3 1 ' 12.6 *4 at 10. 6i 9n

d2 =13.4*4

References:

1. J.D. Feichtner, R. Johannes and G.W. Roland, Appi. Opt..9, 1716 (1970).

2. W.B. Gandrud, G.D. Boyd, J.H. McFee and F.14. Wehmeier, Appi. Phys. Lett.
.6, 59 (1970).0
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SILVER THIOANTIMONITE (Ag3SbS3

Wavelength, microns

fit

C

Wavenumber, cm'1

1A1

Rnsmiiondfces3 ofA in the .615. jm range.
93SBS3
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SILVER THIOARSENITE (PROUSTITE)

Ag3 ASS 3

STRUCTURE

CRYSTALLI NE

SYMMETRY = Trigonal, 3m

LATTICE CONSTANTS (A) = a c
10.76 8.64 (Reference 1)
10.77 8.67 (Reference 2)
10.78 8.682 (Reference 3)
10.80 8.69 (Reference 4)

PHYSICAL PROPERTIES

MOLECULAR WEIGHT = --

DENSITY (g/cm 3) = 5.49

SOLUBILITY IN WATER (g/lOOg of H20) = --

THERMAL PROPERTIES

MELTING/SOFTENING TEMPERATURE (*K) = 761

LINEAR EXPANSION COEFFICIENT (*K-1 ) = Not available

THERMAL CONDUCTIVITY (cal/cm-sec-*K) = Not available

SPECIFIC HEAT (cal/g)/*K = Not available

MECHANICAL PROPERTIES

YOUNGS MODULUS =

HARDNESS =

ELECTRICAL PROPERTIES

DIELECTRIC CONSTANT = qi= 14.5 43= 18

F 16. 5 43 20.0

RESISTIVITY --

BAND GAP ENERGY - --

EFFECTIVE MASS --

MOBILITY --
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SILVER THIOARSENITE (Ag3AsS3)

OPTICAL PROPERTIES

DISPERSION EQUATION n n 2 = 7. 483 + 0.474/.X 2 - 0.09) 0 .0019 )2

00

ne2 = 6.346 + 0.342/(CX2 - 0.09) - .OO11X2

SECOND HARMONIC COEFFICIENTS (10 12 M/V

d31  12.6 at 1.152 ixn (Reference 1)

d15 + d22 =(28.38) 1 1.8 at 10.6 imn (Reference 5)e

* References:

1. K.F. Huline, 0. Jones, P.H. Davies and M.V. Hoben, Appi. Phys. Lett. 10
133 (1967).

2. M.I. Butsko et al, Ukr. Fig. Zh (Kiev) 12, 2052 (1967).

3. Landott and Bornstein, Numerical Data and Functional Relationships in
Science and Technology, Springer-Verlag, New York (1969).

4. J.D.H. Donnay (Ed), Crystal Data Determinative Tables, 2nd Ed., American
Crystallographic Association, April 1963, ACA Monograph No. 5.

5. D.M. Bogget and A.F. Gibson, Phys. Lett. 28A, 33 (1968).

*6. L.M. Guseva et al, Opt. and Spectroscopy 24, 156 (1968).
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SILVR THOARSNITE(A93sS3

SILVERE l14IOARSENITE (Ag3AsS3)

Refractive Indicies versus Wavelength1.

Wavel1ength
(lnonn

0.5876 2.7896
0.6328 3.0190 2.7391
0.6678 2.9804 2.7094
1.0140 2.8264 2.5901
1.1290 2.8067 2.5756

1.3670 2.7833 2.5570
1.530 2.7728 2.5485
1.709 2.7654 2.5423
2.50 2.7478 2.5282
3.56 2.7379 2.5213

4.62 2.7318 2.5178
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SILVER THIOARSENITE (Ag3AsS3)

0

I.

0 9 , 9 If

4 8 12 1 20

wavelength (microns) S

Transmission of a proustite crystal 1.72 mm thick
as a function of wavelength. (1) without including
reflection: (2) with reflection losses included6.

!S
10

6
U

4-4
E0

C

4j - E 0

S-S

oDC

0"5U 0'60 0"62 10 11 12 13 14

C/

wavelength (microns)

Absorption coefficient of Ag3AsA 3 as a function of

03

wavelengthI .
..-
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POTASSIUM CHLORIDE (SYLVITE)
KC1

STRUCTURE

CRYSTALLINE

SYMMETRY - Cubic, F.3m

LATTICE CONSTANTS (A) - a =6.2931

PHYSICAL PROPERTIES

MOLECULAR WEIGHT = 74.55

DENSITY (g/cni 3) 1.9865

SOLUBILITY IN WATER (g/lOOg of H20) = 34.7

THERM4AL PROPERTIES

MELTING/SOFTENING TEMPERATURE ('K) = 1049

LINEAR EXPANSION COEFFICIENT (OK-) = 36 x 106

THERMAL CONDUCTIVITY (cal/cm-sec-*K) = 156 x 10 -

SPECIFIC HEAT (cal/g)/*K - 0.162

MCHANICAL PROPERTIES -

YOUNGS MODULUS (PSI) = 4.3 X 106

HARDNESS (Knoop) - 9.3 in <100> direction

ELASTIC CONSTANTS (bars) = C1 =3.98, C 2=0.62, C 4=.5

ELECTRICAL PROPERTIES

DIELECTRIC CONSTANT = 4.64 at 106 HZ

RESISTIVITY

BAND GAP ENERGY

EFFECTIVE MASS

MOBILITY
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POTASSIUM CHLORIDE (KC1)

References:

1. A. Smakula, Einkrlstalle, Springer-Verlag, Berlin, p. 386 (1962).

2. D.E. McCarthy, Appi. Opt. 4, 317 (1964).0

3. J.N. Plendi and P.J. Gielesse, Appi. Opt..3, 943 (1964).
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POTASIUMCHLOIDE KCI

POTASSASSIU CHLOIDEIDEl

Refractive Index versus Wavelength AT 200C

ni x n xA nl

0.190 1.78373 0.436 1.50454 3.536 1.472881
0.200 1.71904 0.486 1.49818 4.715 1.470956
0.214 1.6645 0.546 1.49293 5.304 1.469850
0.225 1.6345 0.586 1.49028 5.894 1.468642
0.240 1.60500 0.589 1.49020 8.250 1.462568
0.248 1.59265 0.656 1.48700 8.840 1.460701
0.254 1.58569 0.707 1.48519 10.108 1.45658
0.265 1.57270 0.728 1.48454 11.786 1.44908
0.270 1.56833 0.768 1.48349 12.965 1.44334
0.280 1.55939 0.811 1.48257 14.144 1.43711
0.289 1.55272 0.843 1.48196 15.912 1.42608
0.297 1.54796 0.912 1.48085 17.680 1.41392
0.302 1.54468 1.014 1.47950 18.0 1.41075
0.313 1.53875 1.083 1.47878 19.0 1.4026
0.334 1.52949 1.179 1.478142 20.0 1.3938
0.366 1.51889 1.768 1.475721 21.0 1.3844
0.391 1.51286 2.357 1.474582 22.0 1.3742
0.405 1.50993 2.945 1.473665 23.0 1.3632

TEMPERATURE COEFFICIENT OF REFRACTIVE INDEX

(105 x dn/dT) of Potassium Chloride

dn/dT Adn/dT

0.589 -3.25 5.893 -3.10
0.786 -3.26 8.250 -2.92 -

0.884 -3.27 8.840 -2.87
F0.982 -3.28 10.018 -2.75

1.179 -3.29 11.786 -2.48
1.768 -3.30 12.965 -2.30
2.357 -3.32 14.144 -2.06
2.945 -3.31 15.912 -1.70 S
3.563 -3.28 17.680 -1.26
4.715 -3.20 20.60 -0.5
5.304 -3.15 22.50 -0
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POTASSIUM CHLORIDE (KC1)

00

ae . 0 0 0

100 - ~ -

4J I

to - -

a s So is so 26 30 3S 40 45 So

Reflectance and Transmittance versus wavelength
2

of Potassium chloride ,10 nui.
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POTASSIUM CHLORIDE (KCl)

00

5 --- 300K

90

80 4
3a >

* 60
2 *50 '

a * 640

4J

- -- 10

0 50 100 150 200 250 300 350

Frequency (cm-1)

Reflectance and extinction coefficient versus

frequency of potassium chloride at 100 0 Kand 300 0K.
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SILICON

SiS

* STRUCTURE

CRY STALL INE

SYMMETRY - Cubic, m3m0

*LATTICE CONSTANTS (A) - a =5.43

* PHYSICAL PROPERTIES

MOLECULAR WEIGHT-

* DENSITY (g/cm3)

SOLUBILITY IN WATER (g/lOOg of H20) < 0.005

THERMAL PROPERTIES

MELTING/SOFTENING TEMPERATURE (*K) = 1693

LINEAR EXPANSION COEFFICIENT (*K-) = 4.7 x 10-6

THERMAL CONDUCTIVITY (cal/cm-sec*OK) = .39

SPECIFIC HEAT (cal/g)/*K = 0.168

* ECHANICAL PROPERTIES

*YOUNGS MODULUS (PSI) - 1.90 X 106

HARDNESS (Knoop) - 1100 - 1400

ELASTIC CONSTANTS (bars) - C 1 1.67, C 0=.65, C 0=O.80

* ELECTRICAL PROPERTIES

DIELECTRIC CONSTANT (static) - 11.7

* RESISTIVITY-

* BAND GAP ENERGY (eV) = 1.11 -. *.

EFFECTIVE MASS m - .98rn0, 0.*19m0
* MOBILITY Ie(c/v-sec) 1350

A-157



SILICON (Si)

OPTICAL PROPERTIES0

DISPERSION EQUATION'1:

n A A+BL +CL 2 +D X2 + EX 4

where A =3.41696

B - 0.138497
C = 0.013924
D = -0.0000209
E = 0.000000148 .

1
X2 -0.028

DETECTOR PROPERTIES

OPERATING MODE - PC PV

OPERATING TEMPERATURE (60 < 25 (20

MAXIMUM TEMPERATURE
FOR BLIP (OK) --

WAVELENGTH REGION mii) = 1-17 1-23
1/2

DETECTIVITY, 0* (cmHz /watt) = >9 x 109 >1.3 x 1010

RESPONFE TIME (izsec) =.

References:

* 1. C.D. Salzberg and J.J. Villa, J. Opt. Soc. Am. 47, 244 (1957).

* 2. Santa Barbara Research Center Bulletin.
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SILICON (Si)

Silicon: Refractive Index1 at 260C

mn x~mn mn fl

1.3570 3.4975 2.1526 3.4476 4.00 3.4255 7.00 3.4189
1.3673 3.4962 2.3254 3.4430 4.258 3.4242 7.50 3.4186
1.3951 3.4929 2.4373 3.4408 4.50 3.4236- 8.00 3.4184

*1.3295 3.4795 2.7144 3.4358 5.00 3.4223 8.50 3.4182
1.6606 3.4696 3.00 3.4320 5.50 3.4213 10.00 3.4179

*1.7092 3.4664 3.3033 3.4297 6.00 3.4202 10.50 3.4178
1.8134 3.4608 3.4188 3.4286 6.50 3.4195 11.04 3.4176
1.9704 3.4537 3.50 3.4284
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SILICON (Si)

100 - - - -510

90 - -- - - .0

30 - -- -- 3490

70 - - - -- -3.480

C
Co 60 - - - - - - -3.470 0

50 3.460

4 0 - -450

3 0 - - - -- 3.450 q

9-4

20 - - -3430

10 - -3,420

1 2 3 45 6 7 8 9 1

wavelength (microns)

Index of refraction of single-crystal silicon and
transmission through a 2.0 mm thick sample
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SILICON (Si) a

Si: As

0

10

4 S 12 16 20 24

Wavelength I Mlcrwu)-

Spectral Detectivity of Si:As IR Detectors.2

Si: Goj*

Iol

3 69 12 is is

Wavelngth (Mirnu

Relative Response of Si:Ga IR Detectors2
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* POTASSIUM BROMI1DE
Ker

STRUCTURE

CRYSTALLINE

SYMMETRY a CubiL, Fm3m

LATTICE CONSTANTS (A) 2 a =6.5966

PHYSICAL PROPERTIES

MOLECULAR WEIGHT - 119.01 .

DENSITY (g/cm)- 2.75

SOLUBILITY IN WATER (g/lOOg of H20) = 53.48

* THERMAL PROPERTIES

MF'.TING/SOFTENING TEMPERATURE ('K) - 1003

LINEAR EXPANSION COEFFICIENT (*K-) = 43 x 10-6

THERMAL CONDUCTIVITY (cal/cm-sec-*K) = 115 X 1

SPECIFIC HEAT (cal/g)/*K = 0.104

MECHANICAL PROPERTIES

YOUNGS MODULUS (PSI) = 3.9 X 106

HARDNESS - 7.0: (200g load)

ELASTIC CONSTANTS (bars) = C11,3.45, C 12=0.54, C 44=0.508

ELECTRICAL PROPERTIES

DIELECTRIC CONSTANT = 4.9 at 100 -1010 Hz

RESISTIVITY-

BAND GAP ENERGY

EFFECTIVE MASS

MOBILITY
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POTASSIUM BROMIDE (KBr)

OPTICAL PROPERTIES

DISPERSION EQUATION:

n 2.361323 -0.000311497 X2 -0.000000058613 +4 +0077 .166
X2  X2 

- 0.0324

References:

1. D.E. McCarthy, Appi. Opt. 2, 591 (1963).
2. J.C. Owens, Phys. Rev. 181, 1228 (1969).

3. R.E. Stephens, E.K. Plyler, W.S. Rodney and R.J. Spindler, J. Cpt. Am.
43. Ill (1953). -
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POTASSIUM BROMIDE (KBr)

so 0

200

toM
00

t0 is 0 0 0 0

-micron

Trnsitac an elcac eru aeegho

ofptsiu90mde m
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POTASSIUM BROMIDE (KBr)

IIQ

X 10-4

to 0 L

Waelngh mico-

Exicincefcen)esswvlnt
ofptsimboie
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AgGaS2

STRUCTURE

K CRYSTAl LINE

SYMMETRY - Tetragonal. 42m (chalcopyrite)

LATTICE CONSTANTS (A) - a = 5.7570
c = 10.305

PHYSICAL PROPERTIES

MOLECULAR WEIGHT - 241.71

DENSITY (g/cni 3) 4.720

SOLUBILITY IN WATER (g/lOOg of H20) = -

THERMAL PROPERTIES

MELTING/SOFTENING TEMPERATURE (OK) = 1100

LINEAR EXPANSION COEFFICIENT ("K-1) =

THERMAL CONDUCTIVITY (cal/cm-seco*K) = -

SPECIFIC HEAT (cal/g)/*K -

MECHANICAL PROPERTIES

YOUNGS MODULUS - -

HARDNESS - -

ELECTRICAL PROPERTIES

DIELECTRIC CONSTANT - -

RESISTIVITY - -

BAND GAP ENERGY (eV) = 2.75

EFFECTIVE MASS

MOBILITY
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AgGaS2

OPTICAL PROPERTIES

TRANSMISSION RANGE: 5 to 12 m~

SECOND HARMO0NIC COEFFICIENTS (10 12 MlV)

d36 =(18 k5.4) at 10.614w (Reference 1)

d 14 =(56.5 1 19) at 10.6 m (Reference 2)

References: .

1. G.D. Boyd, H. Kasper, and J.H. tMcFee, IEEE J. Quant El. Q~l 563 (1971).

2. D.S. Chemlas, P. Kupecek, D.S. Robertson, and R.C. Smith, Opt. -

Communications 3,29 (1971).

3. G.C. Bhar and R.C. Smith, Phys. Stat. Sol. A13, 157 (1972).
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.......

AgGaS 2

WgGaS 2

REFRACTIVE INDEX OF AgGaS2 versus WAVELENGTH (w) 0

III
V = " no n•  n•  n0

wnw 
"

0

.4900 2.0408 2.7148 2.7287 .0138

.5000 2.0000 2.6916 2.6867 -.0049

.5250 1.9048 2.6303 2.6239 -.0264

.5500 1.8182 2.6190 2.5834 -.0356

.5750 1.7391 2.5944 2.5537 -.0407

.6000 1.6667 2.5748 2.5303 -.0444

.6250 1.6000 2.5577 2.5116 -.0461

.6500 1.5385 2.5437 2.4961 -.0476

.6750 1.4815 2.5310 2.4824 -.0486

.7000 1.4286 2.5205 2.4706 -.0499

.7500 1.3333 2.5049 2.4540 -.0509

.8000 1.2500 2.4909 2.4395 -.0514

.8500 1.1765 2.4802 2.4279 -.0522

.9000 1.1111 2.4716 2.4192 -.0525

.9500 1.0526 2.4644 2.4118 -.0526
1.0000 1.0000 2.4582 2.4053 -.0529
1.1000 .9091 2.4486 2.3954 -.0532
1.2000 .8333 2.4414 2.3881 -.0533
1.3000 .7692 2.4359 2.3819 -.0540
1.4000 .7143 2.4315 2.3781 -.0534
1.5000 .6667 2.4280 2.3745 -.0535
1.6000 .6250 2.4252 2.3716 -.0335
1.8000 .5556 2.4206 2.3670 -.0536
2.0000 .5000 2.4164 2.3637 -.0527
2.2000 .4545 2.4142 2.3604 -.0537
2.4000 .4167 2.4119 2.3583 -.0535
2.6000 .3846 2.4102 2.3567 -.0535
2.8000 .3571 2.4094 2.3559 -.0535
3.0000 .3333 2.4080 2.3545 -.0535
3.2000 .3125 2.4068 2.3534 -.0534
3.4000 .2941 2.4062 2.3522 -.0545
3.6000 .2778 2.4046 2.3511 -.0535
3.8000 .2632 2.4024 2.3491 -.0535
4.0000 .2500 2.4024 2.3488 -.0536
4.5000 .2222 2.4003 2.3461 -.0542
5.0000 .2000 2.3955 2.3419 -.0536
5.5000 .1818 2.3938 2.3401 -.0537
6.0000 .1667 2.3908 2.3369 -.0539
6.5000 .1538 2.3874 2.3334 -.0540
7.0000 .1429 2.3827 2.3291 -.0536
7.5000 .1333 2.3787 2.3252 -.0535
8.0000 .1250 2.3757 2.3219 -.0538
8.5000 .1176 2.3699 2.3163 -.0536
9.0000 .1111 2.3663 2.3121 -.0542
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AqGaS2

1 AgGaS2

REFRACTIVE INEX OF AgGaS2 versus WAVELENGTH wi) (Continued)

A7 n ,o ne ne n0

9.5000 .1053 2.3606 2.3064 -.0542

10.0000 .1000 2.3548 2.3012 -.0536

10.5000 .0952 2.3486 2.2948 -.0538

11 .0000 .0909 2.3417 2.2880 -.0537

11.5000 .0870 2.3329 2.2789 -.0540

12.0000 .0833 2.3266 2.2716 -.0550

12.5000 .0800 2.3177

13.0000 .0769 2.3076

Prism angle A 29.2755% Birefringence B =ne -no. All index
values are actual data points.
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AgGaS2

.i12 14 16 /8 AO 2224
-A tur/-

Transmission of AgGaS2 versus wavelength -

2S

Ag~aSS

-44

o 400--

3.00 - - - -

.5 .6 .7 8 9 1.0 1.251.1.0 ?1.0 2.) 0 ) -V) ,) 110.1 2.'

Room temperature absorption coefficient ca(cm1 ) versus wave-
length for AgGaS2 as determined from a sample of thickness

0.226 cm. Because of cracks and voids the minimum value

of 1.0 cm1 at A = 5 P.m is unreliable. Relative values

of aare of greater significance.
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STRUCTURE0

CRY STALL INE

SYMMETRY = Tetragonal, 42m (chalcopyrite)

* LATTICE CONSTANTS (A) - a = 5.985

c =10.90

PHYSICAL PROPERTIES

MOLECULAR WEIGHT - 335.51

DENSITY (glcm3) 5.84

SOLUBILITY IN WATER (g/lOOg of H120)

THERM4AL PROPERTIES .

* MELTING/SOFTENING TEMPERATURE (*K)

* LINEAR EXPANSION COEFFICIENT (*K-)

THERMAL CONDUCTIVITY (cal/cm-sec**K)

SPECIFIC HEAT (cal/g)/*K

MECHANICAL PROPERTIES

YOUNGS MODULUS

* HARDNESS

ELECTRICAL PROPERTIES

DIELECTRIC CONSTANT

* RESISTIVITY

BAND GAP ENERGY (eV) = 1.66

* ~EFFECTIVE MASS --

MOBILITY
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AgoaSe 2

OPTICAL PROPERTIES

TRANSMISSION RANGE: 7 -20 to

SECOND HARNMNIC COEFFICIENTS

d (3.74 t 0.6) x 1011 rn/v at 1O.6mn (Reference 1)

d36 =33 x 1012 rn/v at 10.6m n (Reference 2)

References:

1. R.L. Byer, M.M. Choy, R.L. Herbst, B.S. Chernia and R.S. Felgelson, Appi.
Phys. Lett. 24 65 (1974).

2. G.D. Boyd, H'.M. Casper, J.H. McFee and F. Storg, IEEE J. Quant. El. QB
900 (1972).
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rMS

* AgGaSe2

100

so
001

~40

J0 - -. A&PZ5X -%0F0lJ -N2.

x(microns)

Room temperature absorption coefficient versus

wavelength for AgGaSe2 as determined from a sample

of 0.208 cm thickness. Because of the presence of

imperfections in the sample, the minimum value of

4.4 cm-1 at X = 8.5 Umn is not characteristic of

AgGaSe. However, relative values of ai have meaning.

2*0
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SODIUM CHLORIDE (HALITE, ROCKSALT)
ladl

STRUCTURE

CRY STALLIrNE

SYMMETRY Cubic, Fm3m *

LATTICE CONSTANTS (A) = a =5.6402 *0.0002

PHYSICAL PROPERTIES

low
MOLECULAR WEIGHT - 58.45

DENSITY = 2.164

SOLUBILITY IN WATER (g/lOOg of H20) - 35.7
m -

THERMAL PROPERTIES

MELTING/SOFTENING TEMPERATURE (*K) = 1090

LINEAR EXPANSION COEFFICIENT (*K1 ) = 44 X 1-

THERMAL CONDUCTIVITY (cal/cm-sec*OK) = 155 X 10-5

SPECIFIC HEAT (cal/g)/PK - 0.204

MECHANICAL PROPERTIES

YOUNGS MODULUS (PSI) = 5.8 X 10-6

HARDNESS (Knoop) = 17

ELASTIC CONSTANTS (bars) = C11=4 .85, C12=1.23, C44ml.26

ELECTRICAL PROPERTIES

DIELECTRIC CONSTANT = 5.9 (100 -2.5 x 1010 Hz)

RESISTIVITY

BAND GAP ENERGY --

EFFECTIVE MASS m ---

MOBILITY
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SODIUM CHLORIDE (NaCi)

References:

I 1. A. Smakula; Einkristalle, Springer-Verlag, Berlin, p. 384 (1962).0

2. D.E. McCarthy, Appi. Opt. 2, 591 (1963).
3. J.C. Owens, Phys. Rev. 181, 1228 (1969).

IA
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SO01UM CHLORIDE (NaCl)

SODIUM CHLORIDE (NaCi)

Refractive Index of Sodium Chloride

(from 0.199 - 22.30yo at 20°C; from 22.8 - 27.3. at 18"C)

n A n n.

0.199 1.7963 0.587 1.54428 7.072 1.51109
0.214 1.7355 0.589 1.54416 7.661 1.508268
0.225 1.7038 0.656 1.54052 7.956 1.516765
0.240 1.6721 0.707 1.53851 8.840 1.512006
0.248 1.65878 0.728 1.53777 10.02 1.494701
0.254 1.65112 0.768 1.53654 11.79 1.481823
0.265 1.63680 0.811 1.53547 12.97 1.471743
0.270 1.63202 0.843 1.53476 14.14 1.460572
0.280 1.62214 0.912 1.53346 14.73 1.454459 "
0.289 1.61470 1.014 1.53191 15.32 1.447499 0
0.297 1.60943 1.083 1.53116 15.91 1.441108
0.302 1.60578 1.179 1.530305 17.93 1.4149
0.313 1.59915 1.768 1.527374 20.57 1.3735
0.334 1.58874 2.357 1.525799 22.30 1.3403
0.366 1.57684 2.947 1.524471 22.8 1.318
0.390 1.56996 3.536 1.523109 23.6 1.299
0.405 1.56660 4.125 1.521584 24.2 1.278
0.436 1.56050 5.009 1.518919 25.0 1.254
0.486 1.55327 5.893 1.515952 25.8 1.229
0.546 1.54730 6.483 1.513663 26.6 1.203

27.3 1.175
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SODIUM CHLORIDE (NaCi)

CM-1
0 

o3@0 a 0 0 0
too -,-

90-

go10 - - - -l,-

i s - o - s - o - $ - e-

+.. .-. --

=- - - i z -
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SODIUM CHLORIDE (NaCi)

100

10 0 .0

-62

4.)

106
103 1- 0110 0 101 10 10 tO

Extinction coefficient of NaCi at 25 0C versus
wavelength 3 . *
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SODIUN4 FLUORIDE (Villiaite)

NAF

STRUCTURE

CRYSTALLINE

SYMMETRY - Cubic, Fm3m

LATTICE CONSTANTS (A) - a = 4.64

PHYSICAL PROPERTIES

MOLECULAR WEIGHT - 42

DENSITY (g/cni3) - 2.79

SOLUBILITY IN WATER (g/lOOg of H20) = 4.22

THERM4AL PROPERTIESe

MELTING/SOFTENING TEMPERATURE (OK) = 1270

LINEAR EXPANSION COEFFICIENT (*K-) = 36 x 10-6

*THERMAL CONDUCTIVITY (cal/cm-secOK) = 505 X104

*SPECIFIC HEAT (cal/g)/*K = 0.26

MECHANICAL PROPERTIES

*YOUNGS MODULUS (PSI) - 1.41 X10

HARDNESS (Knoop) - 60

ELASTIC CONSTANTS (bars) - C1109.09' C12M2.64, C44=1.27

ELECTRICAL PROPERTIES

DIELECTRIC CONSTANT - 6.0 at 2 x 06Hz

* RESISTIVITY

* ~BAND GAP ENERGY - -

EFFECTIVE MASS
9k-

MOBILITY
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SODIUM FLUORIDE (NaF)

References:

1. D.E. McCarthy, Appi. Opt. 4,317 (1965).
2. M. Kller, Z. Physik. 150, 49 (1958).

3. A. Smakula, Opt. Acta. 9, 205 (1962).
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* SODIUM FLUORIDE (NaF)

C 0)
0) 0 0 a 0 0 0
0 i 0 43 0 0

90-
I 0

40

I.MICRtONS)

Transmittance and reflectance of N!aF (2.16 mm thickness)

versus wavelen gth1
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SODIUM FLUORIDE (NaF)
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Temperature coefficient of refractive index of NaF versus
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* TELLURIUM0
* Te

STRUCTURE

CRYSTALLINE

SYMMETRY - 32

LATTICE CONSTANTS (A) - a = 4.559
c = 5.9268

PHYSICAL PROPERTIES

MOLECULAR WEIGHT - 127.60

DENSITY (g/cm3) 6.25

SOLUBILITY IN WATER (g/lOOg of H20) = <0.005

THERM4AL PROPERTIES

* MELTING/SOFTENING TEMPERATURE (OK) = 725

LINEAR EXPANSION COEFFICIENT (OK1) = (-1.7, 27)x106r/(//. Ic-axis)

THERMAL CONDUCTIVITY (cal/cmsec-K) = 1.5 X 10-2

*SPECIFIC HEAT (cal/g)/*K - 0.048

MECHANICAL PROPERTIES

YOUNGS MODULUS = N/A

HARDNESS = 18.4

ELASTIC CONSTANTS (bars) - C11  3.265, C12 =0.195, C13  2.493
-C 33 =7.22, C 4  3.121

ELECTRICAL PROPERTIES

*DIELECTRIC CONSTANT - 5 (// c-axis)
2(1L c-axis) .

* RESISTIVITY = N/A

BAND GAP ENERGY = 0.33

* EFFECTIVE MASS me - 0.038 mo

- MOBILITY 11  c 2/v-sec) 1,100
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TELLURIUM CT.)

OPTICAL PROPERTIES

TRANSMISSION RANGE: 5 -20 wn

DISPERSION EQUATION: -0

ACOUSTO-OPTIC PROPERTIES

ACOUSTIC VIBRATION POLARIZATION DIRECTION aLongitudinal (Reference 1)

ACOUSTIC VELOCITY (km/s) = 2.2

LIGHT VIBRATION POLARIZATION DIRECTION = Parallel

FIGURE OF MERIT (M v v6p 2/ pV ) = 2920

ACOUSTIC ATTENUATION (dB/cm) at 550 MI~z = 45

SECOND HARMNIC CEFFICIENTS (10-12 a/V)

d11  5319.87 *837.7 at X 10.6 (Reference 2)

= 4188 *2094.4 at A =10.6 (Reference 3)

= 3351.03 at A =10.6 (Reference 4)

= 5864.3 at X 10.6 (Reference 5) _

= 1549.8 *387.5 at A =10.6 (Reference 6)

- 921.5 ±293.2 at X 10.6 (Reference 7)
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TELLURIUM (To)

*References:

*1. R.W. Dixon and A.N. Chester, Appi. Phys. Lett. 9,190 (1966).

2. C.K.N. Patel, Phys. Rev. Lett. 16,, 613 (1966).

3. J. Jerphagnon, E. Batifol et M. Sourbe. C.R. Acad. Su Paris 263,
* 1067 (1966).

*4. N. Van Tran, L'Onde Electrique,_48, 965 (1967).

5. J. Jerphagnon, Ann. Telecomm. 23., 203 (1968).

6. J.J. Wynne and N. Bloenibergen, Phys. Rev. 188, 1211 (1969).
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TELLURUM (TO

TTELLURIUM (To)

Refractive Indicies at Room Temperatures

Wavelength
oin) no ne

4.0 6.372 4.929
5.0 6.316 4.864
6.0 6.286 4.838
7.0 6.270 4.821
8.0 6.257 4.809

9.0 6.253 4.802
10.0 6.246 4.796
12.0 6.237 4.789
14.0 6.230 4.785
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TELLURIUM (Te)
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T13AsS4

STRUCTURE

CRYSTALLINE - Orthorhombic

SYMMETRY

LATTICE CONSTANTS (A) = a = 8.98, b = 10.8, c = 8.86 •

PHYSICAL PROPERTIES

MOLECULAR WEIGHT - 818.4

DENSITY = 6.2 * 0.4

SOLUBILITY IN WATER (g/lOOg of H20) = Not Available

THERMAL PROPERTIES

MELTING/SOFTENING TEMPERATURE (K) = Not Available

LINEAR EXPANSION COEFFICIENT (*K-1 ) = Not Available

THERMAL CONDUCTIVITY (cal/cm-sec.*K) = Not Available Vo_

SPECIFIC HEAT (cal/g)/*K = Not Available

MECHANICAL PROPERTIES

YOUNGS MODULUS =

HARDNESS Microhardness (Moh) = 2.8

ELECTRICAL PROPERTIES

DIELECTRIC CONSTANT - Not Available

RESISTIVITY = Not Available

BAND GAP ENERGY = Not Available

EFFECTIVE MASS = Not Available

MOBILITY = Not Available

A-188

p. .



T13AsS4

FOPTICAL PROPERTIES

TRANSMISSION RANGE : .6 12 m~a

DISPERSION EQUATION: --

ACOUJSTO-OPTIC PROPERTIES

ACOUSTIC VIBRATION POLARIZATION DIRECTION =? (Reference 1)

ACOUSTIC VELOCITY (km/s) =2.0

LIGHIT VIBRATION POLARIZATION DIRECTION = --

FIGURE OF MERIT (M2 =n 6 p 210v) = 332

ACOUSTIC ATTENUATION (dB/cni) at 500 M1z =1

*LONGITUDINAL WAVE Parallel '

References:

1. Gil. Roland, M. Gottlieb, and J.D. Feichtner, Appi. Phys. Lett.21
52 (1972).
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Tl 3ASS4

M easured Refractive Indices of T13AsS4 (nig is the
refractive index for light polarized IIto i axis).1

Wavelength (w41) na b

0.6328 2.829 2.774 2.825
0.6943 2.772 2.721 2.770
0.7490 2.738 ....
0.8250 2.704
1.06 2.646 2.58 .62
1.15 2.634 2.580 2.626
1.553 2.603 2.566 2.599
3.38 2.567 2.525 2.569
4.35 2.563 2.521 2.566
4.47 2.560 2.518 2.563
5.26 2.557 2.513 2.558
5.3 2.556 2.513 2.560
. .10.6 2.542 2.498 2.541
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Ti AsS3 4

0

c40
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00
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H Optical transmission of Tl AsS4 in the 0.6-20 Pmi
region. Sample thickness 0.22 cm. Curve uncorrected

for reflection losses
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T13AsSe3

STRUCTUIRE

CRY STALLINME

SYMMETRY * Trigonal, 3m

LATTICE CONSTANTS (A) a - 9.80

c - 7.08
PHYSICAL PROPERTIES

MOLECULAR WEIGHT 920.3

DENSITY (g/cm3) 7.832

SOLUBILITY IN WATER (g/lOOg of H20)

THERMAL PROPERTIES

MELTI MG/SOFTENING TEMPERATURE (*K)

LINEAR EXPANSION COEFFICIENT (*K-)

THERMAL CONDUCTIVITY (cal/cm-sec-*K)

SPECIFIC HEAT (cal/g)/*K

MECHANICAL PROPERTIES

YOUNGS MO0DULUS

HARDNESS (Moh) 2 2 3

ELECTRICAL PROPERTIES

DIELECTRIC CONSTANT

RESISTIVITY

BAND GAP ENERGY

.LEFFECTIVE MASS

MOBILITY * -
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T13AsSe3

*OPTICAL PROPERTIES

TRANSMISSION RANGE: 1.2 18 m~a

* References:

1. J.D. Felchtner and G.W. Roland, Appi. Opt. 11. 993 (1972).

0
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Ti 3AsSe3

Tl 3AsSe3
Measured Refractive Indices of T13AsSe3 vess aelnt.

Wavelength (umn) n0  ne

1.553 1 0.03 3.443 3.248
2.66 * 0.05 3.356 3.170
3.29 1 0.1 3.339 3.152
3.365 1 0.065 3.337 3.155
3.38 * 0.16 3.339 3.152 .

4.35 1 0.09 3.332 3.148
4.46 *0.17 3.334 3.142
4.55 ±0.2 3.326 3.142
5.26 *0.3 3.321 3.141
5.3 *0.1 3.326 3.142
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TI AsSe3

0.60

0.0

01-S
1.1 1.21I.) 1.4 1.5 L64 I.? ,1 1.9 Z.o ?J.1 Z.2 2.i 2.4 Z.5 2.6

M~ee~~. Mn~

Optical density of TI 3AsSe 3 in the 1.1 -2.6 Pm'i

region. Sample thickness 0.545 cm. Curve

uncorrected for reflection losses.
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Tl 3AsSe3

W~elength in Micrometers
tS3 3.5 4 5 1 a 9 to1112 1416is 2U ] 50

N 00

Rebrenct 1100

100
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re1

versusA9 wavlegt

3,

4= 3 32 aW 0 M 130 16 14M IMO1000 OW o M
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T13PSe4

STRUCTURE

CRYSTALLINE - Orthorhomibic

SYMMETRY-

*LATTICE CONSTANTS (A) - a = 9.27 * 0.005
b = 11.047 * 0.005
c - 9.059 * 0.005

* PHYSICAL PROPERTIES

MOLECULAR WEIGHT - 962.93 9

* DENSITY (glcm3) =6.31

SOLUBILITY IN WATER (g/100g of H20) = Not Available

THERMAL PROPERTIES

* MELTING/SOFTENING TEMPERATURE (9K) = 609

LINEAR EXPANSION COEFFICIENT (OK-) = Not Available

THERMAL CONDUCTIVITY (cal/cm'sec-OK) = Not Available

SPECIFIC HEAT (cal/g)/*K

MCHANICAL PROPERTIES

YOUNGS MODULUS

*HARDNESS Microhardness (Moh) = 2.5 -3

ELECTRICAL PROPERTIES

* DIELECTRIC CONSTANT=

RESISTIVITY

* BAND GAP ENERGY-

* EFFECTIVE MASS=

* ~MOBILITY = -
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T1 3PS4

* OPTICAL PROPERTIES

TRANSMISSION RANGE: 0.85 -20um

DISPERSION EQUATION: -

* ACOUSTO-OPTIC PROPERTIES

ACOUSTIC VIBRATION POLARIZATION DIRECTION = Parallel

ACOUSTIC VELOCITY (km/s) = 2.0

LIGHT VIBRATION POLARIZATION DIRECTION =

FIGURE OF MERIT (M2 = n6 p2/ pV3) =1370

ACOUSTIC ATTENUATION (dB/cm at 500 MU~z)=

ULTRASONIC ATTENUATION (db/usec at 500 M4Hz) =1

* References:

* 1. T.J. Isaacs, 14. Gottleib, and 3.0. Feichtner, Appi. Phys. Lett. 24
107 (1974).
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Ti 3PSe4

Ti3PSe4

Measured refractive indices of T13PSe4 (n. is
refractive index for light polarized perpendicular to
the a axis, where a, b, and c are the crystallographically
defined axes such that a-9.270, b=11.047, c=9.059 A) 1.

Vavelength Refractive index
na % ic

0.749 3.088 3.027 3.056
0.825 3.028 2.967 3.000
1.06 2.933 2.870 2.904
1.15 2.916 2.857 2.883
1.553 2.865 2.807 2.839
2.66 2.834 2.773 2.808
3.29 2.826 2.768 2.799
3.365 2.825 2.765 2.798
3.38 2.824 2.765 2.798
4.35 2.820 2.760 2.795
4.46 2.817 2.758 2.792
5.26 2.815 2.756 2.791
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TI 3 PSe 4
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TlBr-T1C1 (IRS-6)

STRUCTURE

CRYSTALLINE

SYMMETRY = Cubic

LATTICE CONSTANTS

PHYSICAL PROPERTIES

MOLECULAR WEIGHT - N/A --

DENSITY - 7.192

SOLUBILITY IN WATER (g/lOOg of H20) - 0.32

THERM4AL PROPERTIES

MELTING/SOFTENING TEMPERATURE (00 697

LINEAR EXPANSION COEFFICIENT (*K-) = 50 x 10-6

*THERMAL CONDUCTIVITY (ca1/cm-sec**K) = 17.1 X 10-4

*SPECIFIC HEAT (cal/g)/*K = 0.0482

NECHANICAL PROPERTIES -

YOUNGS MODULUS (PSI) - 3 x 106

* HARDNESS (Knoop) - 30 (500g load)

ELASTIC CONSTANTS (bars) - C11=3.85, C12=1.49, C44=0.737

ELECTRICAL PROPERTIES

DIELECTRIC CONSTANT - 329 (at 100 105 Hz)

* ~RESISTIVITY - -

j BAND GAP ENERGY

EFFECTIVE MASS

MOBILITY
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TJBr-T1C1 (KRS-6)

References:

1. G. Hetiner and G. Liesesang, Optik._3, 305 (1968).

2. D.E. McCarthy, Appi. Opt. 4, 317 (1965).
3. R.A. Smith, F.E. Jones, R.P. Chasmar in The Detection and Measurement

of Infrared Radiation, The Clarendon Press, Oxford, p. 369 (1957).
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T1Br-TlCl CKRS-6)

KRS-6
Refractive Index of KRS-6 versus Wavelength'

0.6 2.3294 4.5 2.1942
0.7 2.2892 5.0 2.1928
0.8 2.2660 6.0 2.1900
0.9 2.2510 7.0 2.1870
1.0 2.2404 8.0 2.1839
1.1 2.2321 9.0 2.1805
1.2 2.2255 10.0 2.1767
1.3 2.2212 11.0 2.1723
1.4 2.2176 12.0 2.1674

m1.5 2.2148 13.0 2.1620-
1.6 2.2124 14.0 2.1563
1.7 2.2103 15.0 2.1504
1.8 2.2086 16.0 2.1442
1.9 2.2071 17.0 2.1377
2.0 2.2059 18.0 2.1309

i2.2 2.2039 19.0 2.1236
2.4 2.2024 20.0 2.1154
2.6 2.2016 21.0 2.1067
2.8 2.2001 22.0 2.0976
3.0 2.1990 23.0 2.0869
3.5 2.1972 24.0 2.0752
4.0 2.1956

A-203



T1Br-T1Cl (KRS-6)
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TlBr-TlCl (KRS-6)
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T1 Br-T1 I (KRS-5)

STRUCTURE

CRYSTALLINE

SYMMETRY = Cubic, m3rn

LATTICE CONSTANTS

* PHYSICAL PROPERTIES -

MOLECULAR WEIGHT = N/A

DENSITY (g/cm3) 7.371

SOLUBILITY IN WATER (g/lOOg of H20) = 0.05

THERMAL PROPERTIES

MELTING/SOFTENING TEMPERATURE (OK) = 688

LINEAR EXPAN4SION COEFFICIENT (K-1) = 58 x 10-

THERMAL CONDUCTIVITY (cal/cm-sec-*K) = 1.3 x 10-3

SPECIFIC HEAT (cal/g)/*K = N/A

NECNANICAL PROPERTIES

YOUNGS MODULUS (PSI) = 2.36 X 106

HARDNESS (Knoop) = 40.2

ELASTIC CONSTANTS (bars) = C1103.31, C1201.32, C~=.7

* ELECTRICAL. PROPERTIES -

DIELECTRIC CONSTANT * 32.9

RESISTIVITY

BAND GAP ENERGY

EFFECTIVE MASS S

MOBILITY
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T1Br-T1I (KRS-5)

OPTICAL PROPERTIES

DISPERSION EQUATION:

where K, = 1.829358 X, 2 = 0.0225

K2 = 1.6675593 A22 = 0.0625

K3 = 1.1210424 A 2
=0.1225 -

K4 =0.04513366 X4 
2 = 0.2025 - .--

K5 =12.380234 '2=208.3

References:

1. W.S. Rodney and I.H. Maltison, J. Opt. Soc. Ani._46, 956 (1956).

2. D.E. McCarthy, Appi. Opt. 2, 591 (1968).

3. A. Smakula: "Harshaw Optical Cyrstals'.
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T1Br-TlI (KRS-5)
Computed refractive index of the 55 KRS-5 at 250 C

for regular wavelength intervals (A -wavelength in ).

An An An An

0.540 2.68059 5.60 2.37867 21.9 2.33251 31.0 2.28212
0.560 2.64959 5.80 2.37832 22.0 2.33206 31.1 2.28145

~10.580 2.62390 6.00 2.37797 22.1 2.33161 31.2 2.28078
0.600 2.60221 6.20 2.37763 22.2 2.33116 31.3 2.28011
0.620 2.58261 6.40 2.37729 22.3 2.33070 31.4 2.27943
0.640 2.56748 6.60 2.37695 22.4 2.33025 31.5 2.27875
0.660 2.55337 6.80 2.37661 22.5 2.32979 31.6 2.27807
0.680 2.54092 7.00 2.37627 22.6 2.32933 31.7 2.27738
0.700 2.52986 7.20 2.37592 22.7 2.32887 31.8 2.27669
0.720 2.51998 7.40 2.37558 22.8 2.32840 31.9 2.27600
0.740 2.51110 7.60 2.37523 22.9 2.32793 32.0 2.27531
0.760 2.50309 7.80 2.37488 23.0 2.32746 32.1 2.27461
0.780 2.49583 8.00 2.37452 23.1 2.32699 32.2 2.27391
0.800 2.48922 8.20 2.37416 23.2 2.32652 32.3 2.27321
0.820 2.48313 8.40 2.37380 23.3 2.32604 32.4 2.27251
0.840 2.47766 8.60 2.37343 23.4 2.32556 32.5 2.27180
0.860 2.47258 8.80 2.37305 23.5 2.32508 32.6 2.27109
0.880 2.46790 9.00 2.37267 23.6 2.32460 32.7 2.27088
0.900 2.46358 9.20 2.37229 23.7 2.32411 32.8 2.26966
0.920 2.45958 9.40 2.37190 23.8 2.32362 32.9 2.26895
0.940 2.45587 9.60 2.37150 23.9 2.32313 33.0 2.26823
0.960 2.45242 9.80 2.37110 24.0 2.32264 33.1 2.26750
0.980 2.44920 10.0 2.37069 24.1 2.32215 33.2 2.26678
1.00 2.44620 10.2 2.37027 24.2 2.32165 33.3 2.26605
1.02 2.44339 10.4 2.36985 24.3 2.32115 33.4 2.26532
1.04 2.44076 10.6 2.36942 24.4 2.32065 33.5 2.26458
1.06 2.43830 10.8 2.36898 24.5 2.32014 33.6 2.26384
1.08 2.43598 11.0 2.36854 24.6 2.31964 33.7 2.26310
1.10 2.43380 11.2 2.36809 24.7 2.31913 33.8 2.26236

*1.12 2.43175 11.4 2.36763 24.8 2.31861 33.9 2.26161
1.14 2.42981 11.6 2.36717 24.9 2.31810 34.0 2.26087
1.16 2.42798 11.8 2.36669 25.0 2.31758 34.1 2.26011e
1.18 2.42625 12.0 2.36622 25.1 2.31707 34.2 2.25936
1.20 2.42462 12.2 2.36573 25.2 2.31655 34.3 2.25860

*1.22 2.42307 12.4 2.36523 25.3 2.31602 34.4 2.25784
*1.24 2.42159 12.6 2.36473 25.4 2.31550 34.5 2.25708

1.26 2.42020 12.8 2.36422 25.5 2.31497 34.6 2.25631
1.28 2.41887 13.0 2.36371 25.6 2.31444 34.7 2.25554
1.30 2.41760 13.2 2.36318 25.7 2.31391 34.8 2.25477
1.32 2.41640 13.4 2.36265 25.8 2.31337 34.9 2.25400
1.34 2.41525 13.6 2.36211 25.9 2.31283 35.0 2.25322 -

1.36 2.41416 13.8 2.36157 26.0 2.31229 35.1 2.25244
1.38 2.41312 14.0 2.36101 26.1 2.31175 35.2 2.25166
1.40 2.41212 14.2 2.36045 26.2 2.31121 35.3 2.25087
1.42 2.41117 14.4 2.35988 26.3 2.31066 35.4 2.25008
1.44 2.41025 14.6 2.35930 26.4 2.31011 35.5 2.24929
1.46 2.40938 14.8 2.35871 26.5 2.30956 35.6 2.24849*
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TlBr-T1I (IRS-5)

Computed refractive index of the 55 KRS-5 at 250 C
for regular wavelength intervals (I = wavelength in m)* (Continued)

n IXn Xn n

1.48 2.40854 15.0 2.35812 26.6 2.30900 35.7 2.24769
1.50 2.40774 15.2 2.35751 26.7 2.30844 35.8 2.24689
1.52 2.40697 15.4 2.35690 26.8 2.30789 35.9 2.24609
1.54 2.40623 15.6 2.35629 26.9 2.30732 36.0 2.24528
1.56 2.40552 15.8 2.35566 27.0 2.30676 36.1 2.24447
1.58 2.40484 16.0 2.35502 27.1 2.30619 36.2 2.24366
1.60 2.40419 16.2 2.35438 27.2 2.30562 36.3 2.24284
1.62 2.40355 16.4 2.35373 27.3 2.30505 36.4 2.24202

*1.64 2.40295 16.6 2.35307 27.4 2.30448 36.5 2.24120
1.66 2.40236 16.8 2.35240 27.5 2.30390 36.6 2.24038
1.68 2.40180 17.0 2.35173 27.6 2.30332 36.7 2.23955
1.70 2.40125 17.2 2.35104 27.7 2.30274 36.8 2.23872
1.72 2.40073 17.4 2.35035 27.8 2.30216 36.9 2.23788 -

1.74 2.40022 17.6 2.34965 27.9 2.30157 37.0 2.23705
*1.76 2.39974 17.8 2.34894 28.0 2.30098 37.1 2.23621

1.78 2.39926 18.0 2.34822 28.1 2.30039 37.2 2.23516
1.80 2.39881 18.2 2.34750 28.2 2.29979 37.3 2.23452
1..82 2.39837 18.4 2.34676 28.3 2.29920 37.4 2.23367

*1.84 2.39794 18.6 2.34602 28.4 2.29860 37.5 2.23281
1.86 2.39753 18.8 2.34527 28.5 2.29800 37.6 2.23196 S

* 1.88 2.39713 19.0 2.34451 28.6 2.29739 37.7 2.23110
1.90 2.39674 19.2 2.34374 28.7 2.29679 37.8 2.23024 .-.

1.92 2.39637 19.4 2.34296 29.8 2.29618 37.9 2.22937
1.94 2.39600 19.6 2.34217 28.9 2.29556 38.0 2.22850
1.96 2.39565 19.8 2.34138 29.0 2.29495 38.1 2.22763
1.98 2.39531 20.0 2.34058 29.1 2.29433 38.2 2.22676

* 2.00 2.39498 20.1 2.34017 29.2 2.29371 38.3 2.22588
2.20 2.39214 20.2 2.33976 29.3 2.29309 38.4 2.22500
2.40 2.38997 20.3 2.33935 29.4 2.29247 38.5 2.22412

*2.60 2.38826 20.4 2.33894 29.5 2.29184 38.6 2.22323
2.80 2.38688 20.5 2.33853 29.6 2.29121 38.7 2.22234
3.00 2.38574 20.6 2.33811 29.7 2.29058 38.8 2.22145
3.20 2.38478 20.7 2.33770 29.8 2.28994 38.9 2.22055
3.40 2.38396 20.8 2.33727 29.9 2.28931 39.0 2.21965

* 3.60 2.38325 20.9 2.33685 30.0 2.28867 39.1 2.21875
3.80 2.38261 21.0 2.33643 30.1 2.28802 39.2 2.21784

* 4.00 2.38204 21.1 2.33600 30.2 2.28738 39.3 2.21693
4.20 2.38153 21.2 2.33557 30.3 2.28673 39.4 2.21602

* 4.40 2.38105 21.3 2.33514 30.4 2.28608 39.5 2.21510
4.60 2.38061 21.4 2.33471 30.5 2.28543 39.6 2.21418
4.80 2.38019 21.5 2.33427 30.6 2.28477 39.7 2.21326
5.00 2.37979 21.6 2.33383 30.7 2.28411 39.8 2.21233
5.20 2.37940 21.7 2.33393 30.8 2.28345 39.9 2.21140
5.40 2.37903 21.8 2.33295 30.9 2.28279 40.0 2.21047
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Tl Br-TlJI (KRS-5)

Average thermal coefficients of KRS-5 near
room temperature (A=wavelength in i)~

-dnXj04 -dnXl10 4

0.576960 254 11.035 233
0.579016 253 14.29 228
0.643857 249 14.98 227
0.69075 247 15.48 226
0.85212 242 17.40 223
0.89440 241 18.16 220
1.01398 240 20.57 216
1.12866 240 21.79 214
1.3673 238 22.76 212
1.3950 238 23.82 210
1.52952 238 25.16 207
1.6921 238 25.97 206
1.709136 238 26.63 202
1.8333 238 29.81 195
1.9701 238 31.70 188
2.3253 238 33.00 183
3.4188 237 34.48 177
4.258 237 37.56 165
6.692 237 39.38 154
9.724 235
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TlBr-TlI (KRS-5)
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T1Br-T1I (KRS-5)
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U
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Dispersion coefficients of 55 KRS-5 as a function of wavelength.
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ZINC SELENIOE

ZnSe

0

STRUCTURE

CRYSTALLINE

SYMMETRY = Cubic, 43m

LATTICE CONSTANTS (A) = a = 5.667

PHYSICAL PROPERTIES

MOLECULAR WEIGHT = 144.33 0

DENSITY (g/cm 3) = 5.651

SOLUBILITY IN WATER (g/1OOg of H 20) <0.001

THERMAL PROPERTIES

MELTING/SOFTENING TEMPERATURE (*K) = 1373

LINEAR EXPANSION COEFFICIENT (K
- 1) = 7 x 10- 6

THERMAL CONDUCTIVITY (cal/cm-sec.'K) = 290 x 10 4

SPECIFIC HEAT (cal/g)/*K = 0.016

MECHANICAL PROPERTIES

' YOUNGS MODULUS = Not Available

:- HARDNESS (Mohs) = 3-4

ELASTIC CONSTANTS (1010 N/m2) = C11=8.10, C 12=4.88, C41=4.41 S

*: ELECTRICAL PROPERTIES

DIELECTRIC CONSTANT (static) = 8.1 _0

RESISTIVITY

BAND GAP ENERGY (eV) - 2.58

EFFECTIVE MASS m* = 0.17 mo

MOBILITY ve (cm2/v-sec) = 530

A-213
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ZINC SELENIDE (ZnSe)

OPTICAL PROPERTIES

DISPERSION EQUATION:

- 1 =2.855 + 2.045.X2 /12 - 0.109) (X in microns)

ELECTRO-OPTIC COEFFICIENTS2 (10-12 U/V)

Yli =2.2 at 10.6w,

lwSECOND HARMONIC COEFFICIENTS (10-12 ah)

d36 =31.7 *1.95 at 1.058to (Reference 3)

di'4 78.3 *29.3 at 10.6m, (Reference 4)

PHOTOELASTIC PROPERTIES5 (10-'2Pa-')CCVD Z.S.)

I 0 .6328in A -10.6me

q1 -1.44 *0.04, -1.48 * 0.05a -1.46 *0.07

q12 = 0.17 *0.05, 0.22 * 0.05a 0.51 *0.07

q I -q 12 -- 1.60 *0.01 -1.97 *0.02

p11 -0.13 -0.10

P12 =-0.04 0.007

aSta~ndard deviation from a third degree polynominal fit.

* References:

1. D.T.F. Marple, J. Appi. Phys. 35, 539 (1964).
2. C. Kojima, T. Shikama, S. Kuninoku, A. Kawabata, and T. Tanaka, Jap. J.

Appi. Phys. 8, 1361 (1961).
3. R.A. Soref and H.W. Moos, J. Appi. Phys..35, 2152 (1967).

4. C.K.N. Patel, Phys. Rev. Lett. 15, 613 (1966).

*5. A. Feldman, 0. Horowitz, R.M. Waxier, and J. Dodge, Opia aeil
Characterization. Final Technical Report, NBS TechnlNte 993,~
U.S rpa t f Commerce, Washington, D.C.

6. K.K. Oubenskiy, Soviet J. of Opt. Tech. 36.., 118 (1969).

7. M. Aven, et al, J. Appi. Phys. Suppi..32, 2261 (1961).
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ZINC SELENIDE nS)"-

ZINC SELENIDE ZnSe)

Refractive Index of ZnSe versus Wavelength at Room Temperature l.

Wavelength
(I) n

0.589 2.61
f.0 2.48
1.5 2.45
2.0 2.44

ZINC SELENIDE (ZnSe)

Refractive Index of CVD ZnSe Specimen at S

Discrete Wavelengths (T = 20.3 C) 5 .

A n A n An

0.55 2.66246 4.00 2.43316 11.50 2.39650
0.60 2.61380 4.50 2.43132 12.00 2.39281
0.65 2.58054 5.00 2.42953 12.50 2.38892
0.70 2.55636 5.50 2.42772 13.00 2.38481
0.75 2.53804 6.00 2.42584 13.50 2.38048
0.80 2.52373 6.50 2.42388 14.00 2.37593
0.85 2.51230 7.00 2.42181 14.50 2.37114
0.90 2.50298 7.50 2.41961 15.00 2.36610
0.95 2.49528 8.00 2.41728 15.50 2.36080
1.00 2.48882 8.50 2.41481 16.00 2.35523
1.50 2.45708 9.00 2.41218 16.50 2.34937
2.00 2.44620 9.50 2.40939 17.00 2.34322
2.50 2.44087 10.00 2.40644 17.50 2.33675
3.00 2.43758 10.50 2.40331 18.00 2.32996
3.50 2.43517 11.00 2.40000

-A
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ZINCSELEIDE n~0

ZINCN SELENIDE (Zn~e)

dn/dT of CVD ZnSe (10- K-1) 5

Wavelength toan)

Temperature ('C)

0.6328 1.15 3.39 10.6

-180 7.6 5.4 5.0 4.9
-160 8.2 5.7 5.2 5.1
-140 8.7 6.0 5.4 5.4
-120 9.1 6.3 5.6 5.5

-100 9.4 6.5 5.8 5.7
-80 9.7 6.6 5.9 5.8
- 60 10.0 6.7 6.0 5.9
- 40 10.2 6.8 6.1 6.0

- 20 10.3 6.9 6.1 6.0
0 10.5 7.0 6.2 6.1

20 10.6 7.0 6.2 6.1-
40 10.7 7.0 6.2 6.10

60 10.8 7.1 6.3 6.1
80 10.9 7.1 6.3 6.2

100 11.0 7.2 6.3 6.2
120 11.1 7.2 6.4 6.3

140 11.3 7.3 6.4 6.3
160 11.5 7.4 6.5 6.4
180 11.8 7.6 6.6 6.6
200 12.1 7.8 6.7 6.7

ja0.1 0.1 0.1 0.1

aStandard deviation from a third degree polynomial fit.
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ZINC SELENIDE (ZnSe)

4'J Thickness -5mm0

06 -

C-) 0

U)U
C6

I-o

90

31

4J 2o
U

- 10

0.0CL2 0.06 0.1'1 2 5 10a 20
P~jgrON (tjEwocY eV

62 25 12.4 U.4 0X67 0.25, 0.124 O6W2

wavelength, microns

Reflectance of ZnSe versus wavelength
7.
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ZINC SULFIDE (SPHALERITE, %IJRTZITE)

Znis

STRUCTURE

CRYSTALLINE

*SYMMETRY - Cubic, 43mn

LATTICE CONSTANTS (A) - a =5.4109

PHYSICAL PROPERTIES

* MOLECULAR WEIGHT - 97.43

DENSITY (g/crn 3) 4.09

SOLUBILITY IN WATER (g/lOOg of H20) = 6.5 x 10O-

THERMAL PROPERTIES

MELTING/SOFTENING TEMPERATURE (OK) - 1293

LINEAR EXPANSION COEFFICIENT (OK1) = 6.14 x 10-6

THERMAL CONDUCTIVITY (cal/cm-sec*OK) = 635

SPECIFIC HEAT (cal/g)/*K = 0.116

* MECHANICAL PROPERTIES

YOUNGS MODULUS (PSI) = 1.65 x10

HARDNESS (kg/nn2) - 178

ELASTIC CONSTANTS (1010 N/rn2) = C11 =10.46, C 12=6.53, C4424.613

* ELECTRICAL PROPERTIES

DIELECTRIC CONSTANT (static) - 8.3

RESISTIVITY = Not Available

BAND GAP ENERGY (eV) 2 3.6

EFFECTIVE MASS "se 0.25 m

MOBILITY ue (cmn/vsec) 140
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ZINC SULFIDE CQnS)

ELECTRO-OPTIC COEFFICIENTS' (10-12 XM/V)

r41 1.4 at 3.39ion

r 3 3 = 1.7 at 3.39mt

SECOND HARMONIC COEFFICIENTS (10-12 sly)

d36 =24.6 *1.5 at 1.058iun (Reference 2)

d14 30.6 *8.4 at 10.6vm (Reference 3)

References:

1. I.P. Kamminow, in CRC Handbook of Lasers, ed. by R.J. Plessey, p 447,
Chemical Rubber Company, Cleveland, 0hi (1971).

2. R.A. Soref and H.W. Moos, J. Appi. Phys. 35, 2152 (1964).

3. C.K.N. Patel, Phys. Rev. Lett. 16;, 613 (1966). -

4. T.M. Bieniewski and S.J. Czyzak, J. Opt. Soc. Am. 53, 496 (1963).

5. W.L. Bond, J. Appi. Phys. 36., 1674 (1965).

6. A. Feldman, D. Horowitz, R.M. Waxier and J. Dodge, Opia aeil
Characterization, Final Technical Report, NBS TechnTial Nte 93,U.S.
Department of Commerce, Washington, D.C.

7. T. Deutsch, Int. Conf. on the Phy s of Semiconductors Proc. Exeter,
* A.C. Strickland, Ed., rn-st.of Phys. and ?hyS. Soc., London, 505 (1962).

* 8. A. Manabe, et al., Jap. J. Appl. Phys. 6,593 (1967).

A-219



ZINC ULFID URS

ZIZIC SULFIDE (ZnS)

Rfractive Index of ZnS versus

Wavelength at Roam Temperature".

Wavelength
(jn)no ne

0.3600 2.705 2.709
0.3750 2.637 2.640
0.4000 2.560 2.564
0.4100 2.539 2.544
0.4200 2.522 2.525

0.4250 2.511 2.514
0.4300 2.502 2.505
0.4400 2.486 2.488
0.4500 2.473 2.477
0.4600 2.459 2.463

0.4700 2.448 2.453
0.4750 2.445 2.449
0.4800 2.438 2.443
0.4900 2.428 2.433
0.5000 2.421 2.425

0.5250 2.402 2.407
0.5500 2.386 2.392
0.5750 2.375 2.378
0.6000 2.363 2.368
0.6250 2.354 2.358

0.6500 2.346 2.350
0.6750 2.339 2.343
0.7000 2.332 2.337
0.8000 2.324 2.328
0.9000 2.310 2.315

1.000 2.301 2.303
1.200 2.290 2.294
1.400 2.285 2.288
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ZINC SULFIDE (ZnS)

ZINC SULFIDE (ZnS)

Refractive Index of ZnS versus
Wavelength at Roomu Temperature 5.

Wavelength

0.45 2.4709
0.50 2.4208
0.60 2.3640
0.70 2.3333
0.80 2.3146

0.90 2.3026
1.00 2.2932
1.10
1.20 2.2822
1.40 2.2762

1.60 2.2716
1.80 2.2680
2.00 2.2653
2.20 2.2637
2.40 2.2604

ZINC SULFIDE (ZnS)

Refractive Index of CYD ZnS, Specimen 11 at

Discrete Wavelengths (T =21.6@ C)6.

Ai nA

0.55 2.38579 1.50 2.27209 6.50 2.23583
0.60 2.36237 2.00 2.26453 7.00 2.23183
0.65 2.34509 2.50 2.26030 7.50 2.22749
0.70 2.33189 3.00 2.25719 8.00 2.22280
0.75 2.32155 3.50 2.25445 8.50 2.21775 -

*0.80 2.31327 4.00 2.25178 9.00 2.21231
0.85 2.30652 4.50 2.24903 9.50 2.20645
0.90 2.30093 5.00 2.24610 10.00 2.20016
0.95 2.29626 5.50 2.24294 10.50 2.19340
1.00 2.29230 6.00 2.23953

A-221



w -

ZINC SULFIDE (ZnS)
ZINC SULFIDE (ZnS)

dnldT of CYD ZnS (10-s K)'

Wavelength ban)
Temperature (C)

1.153.39 10.6

-180 3.5 2.8 2.7
-160 3.7 3.1 3.0
-140 3.8 3.3 3.3
-120 4.0 3.5 3.5

-100 4.1 3.7 3.7
- 80 4.2 3.9 3.8
- 60 4.3 4.0 3.9
- 40 4.4 4.1 4.0

-20 4.5 4.1 4.0
0 4.5 4.2 4.1

20 4.6 4.2 4.1
40 4.6 4.3 4.1

60 4.74.3 4.
60 4.7 4.3 4.1
800 4.7 4.3 4.1

100 4.7 4.3 4.2
120 4.8 4.4 4.2

160 4.9 4.4 4.4
180 4.9 4.5 4.5
200 5.0 4.6 4.7

Oa0.2 0.2 0.20

aStandard deviation from a third degree polynomial fit.
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S ZINC SULFIDE (ZnS)

100ZS

T 4ICKNESS -0,62 KM

0 2UGAC7

44)

4. 4
5 -.
C4

wavelenth, microns

Transmi tance of 6 c ZnS versus wavelength .
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ZRGP2

STRUCTURE0

CRYSTALL114E

SYMMETRY - Tetragonal, 42. (chalcopyrite) *

LATTICE CONSTANTS (A) - a = 5.466 *0.001

c z 10.722 *0.002

PHYSICAL PROPERTIES

MOLECULAR WEIGHT - 199.2 .

DENSITY (g/cm3) -4.17

SOLUBILITY IN WATER (g/1OOg of H20) = Not available

THERMAL PROPERTIES

MELTING/SOFTENING TEMPERATURE (60 1295

LINEAR EXPANSION COEFFICIENT (*K-1) -

THERMAL CONDUCTIVITY (W/cm6K) - 0.18

SPECIFIC HEAT (cal/g)/*K =

ECIAMICAL PROPERTIES

YOUNGS MODULUS - -

HARDNESS (kg/rn) 660

ELECTRICAL PROPERTIES

DI EL.ECTR IC CONSTANT -

RESISTIVITY (Ohm-cu) = 6.5 x 106

BAND GAP ENERGY (eV) = 2.25

EFFECTIVE MASS a -

MOBILITY = -
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SECOND HAR40NIC COEFFICIENTS' (1012 mav)

d3  d1 = 111 *30 at 10.6ma

References:

1. G.D. Boyd, E. Buehler and F.G. Storg, Appi. Phys. ILett..18, 301 (1971).

2. S. Isoniura and K. Masumoto, Phys. Stat. Sol. A6,, K139 (1971).

3. S. Isomura and K. Masunioto, Phys. Stat. So1. A13, 223 (1972).

4. G.D. Boyd, E. Buehler, F.G. Storg and J.H. Wernik, IEEE J. Quant. El.

_qL8, 419 (1972).
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ZnGeP2
Wavelength dependence of Refractive Indicies ~

0.64 3.5052 3.5802
0.66 3.4756 3.5467
0.68 3.4477 3.5160
0.70 3.4233 3.4885
0.75 3.3730 3.4324
0.80 3.3357 3.3915
0.85 3.3063 3.3593
0.90 3.2830 3.3336
0.95 3.2638 3.3124
1.00 3.2478 3.2954
1.10 3.2232 3.2688
1.20 3.2054 3.2493
1.30 3.1924 3.2316
1.40 3.1820 3.2244
1.60 3.1666 3.2077
1.80 3.1562 3.1965
2.00 3.1490 3.1889
2.20 3.1433 3.1820
2.40 3.1388 3.1780
2.60 3.1357 3.1745
2.80 3.1327 3.1717
3.00 3.1304 3.1693
3.20 3.1284 3.1671
3.40 3.1263 3.1647
3.60 3.1257 3.1632
3.80 3.1237 3.1616
4.00 3.1223 3.1608
4.20 3.1209 3.1595
4.50 3.1186 3.1561
4.70 3.1174 3.1549
5.00 3.1149 3.1533
5.50 3.1131 3.1518
6.00 3.1101 3.1480
6.50 3.1057 3.1445
7.00 3.1010 3.1420
7.50 3.0991 3.1378
8.00 3.0961 3.1350
8.50 3.0919 3.1311

9.00 3.0880 3.1272
9.50 3.0836 3.1231 *
10.00 3.0788 3.1183
10.50 3.0738 3.1137
11.00 3.0689 3.1087
11.50 3.0623 3.1008
12.00 3.0552 3.0919
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ZnGeP2
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STURE

CRYSTALLINE

SYMMETRY - Tetragonal, 42. (chalcopyrite)

LATTICE CONSTANTS (A) = a = 5.61

c =10.88
PHYSICAL PROPERTIES

MOLECULAR WEIGHT - 239.30

DENSITY (g/cm3) 4.7

SOLUBILITY IN WATER (g/lOOg of H20) - Not available

THERMAL PROPERTIES

MELTING/SOFTENING TEMPERATURE (90 1369

LINEAR EXPANSION COEFFICIENT (OK1) - -

THERMAL CONDUCTIVITY (W/cm0K) = 0.11

SPECIFIC HEAT (cal/g)/PK =

MCHANICAL PROPERTIES

YOUNGS MODULUS - -

* HARDNESS (kg/mm2) 480

ELECTRICAL PROPERTIES

* ~DIELECTRIC CONSTANT = -

*RESISTIVITY (Ohm-c.) = 1.8-4.5 X 102

BAND GAP ENERGY (eV) = 1.76

EFFECTIVE MASS = -

* MOBILITY pAe (CM2/V-SeC) = 25
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OPTICAL PROPERTIES

TRANSMISSION RANGE: .8 - 20iim

SECOND HAMONIC COEFFICIENT 1  (10 12 a/V)

d3 6  109 *33 at 10.6 m

References:

1. G.D. Boyd, E. Buehler, F. Storg and J.H. Wernick. IEEE J. Quant. El. _qE8,
419 (1972).
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ZfSiAs2

ZnSiAS2 0

Refractive Index ZnSiAs2 (Prism Angle A -20.06671'

U I o ne ne-.no

.70 1.4286 3.5579 3.6201 .0621

.75 1.3333 3.5002 3.5539 .0537

.80 1.2500 3.4570 3.5050 .0480

.85 1.1765 3.4210 3.4655 .0445

.90 1.1111 3.3946 3.4362 .0416

.95 1.0526 3.3722 3.4116 .0393
1.00 1.0000 3.3551 3.3928 .0377
1.10 .9091 3.3266 3.3618 .0352
1.20 .8333 3.3061 3.3394 .0333
1.30 .7692 3.2901 3.3221 .0320
1.40 .7143 3.2782 3.3093 .0311
1.60 .6250 3.2593 3.2889 .0296
1.80 .5556 3.2485 3.2771 .0286
2.00 .5000 3.2405 3.2692 .0287
2.20 .4545 3.2346 3.2620 .0274
2.40 .4167 3.2296 3.2572 .0276
2.60 .3846 3.2268 3.2539 .0272
2.80 .3571 3.2233 3.2506 .0272
3.00 .3333 3.2210 3.2481 .0271
3.20 .3125 3.2197 3.2464 .0267
3.40 .2941 3.2178 3.2447 .0269
3.60 .2778 3.2162 3.2426 .0264
3.80 .2632 3.2146 3.2413 .0268
4.00 .2500 3.2133 3.2402 .0268
4.50 .2222 3.2106 3.2372 .0266
5.00 .2000 3.2081 3.2345 .0265
5.50 .1818 3.2053 3.2317 .0264
6.00 .1667 3.2025 3.2287 .0262
6.50 .1538 3.2002 3.2263 .0261
7.00 .1429 3.1979 3.2241 .0263
7.50 .1333 3.1956 3.2220 .0264
8.00 .1250 3.1930 3.2195 .0265
8.50 .1176 3.1905 3.2168 .0264
9.00 .1111 3.1874 3.2138 .0263
9.50 .1053 3.1842 3.2106 .0264

10.00 .1000 3.1810 3.2074 .0264
10.50 .0952 3.1772 3.2037 .0264
11.00 .0909 3.1733 3.1996 .0263
11.50 .0870 3.1685 3.1953 .0268
12.00 .0833 3.1626

Note: All index values are actual data points.
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ZnSiAs2
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THE TACTICAL WEAPON GUIDANCE AND CONTROL
INFORMATION ANALYSIS CENTER (GACIAC)

GACIAC is a DoD Information Analysis Center operated by lIT Research t
Institute under the technical sponsorship of the Joint Service Guidance and
Control Committee with members for OUSDRE, Army, Navy, Air Force,
and DARPA. The U.S. Army Missile Command provides the Contracting
Officer's Technical Representative. Its mission is to assist the tacticalIweapon guidance and control community by encouraging and facilitating
the exchange and dissemination of technical data and information for the -

purpose of effecting coordination of research, exploratory development, and
advanced technology demonstrations. To accomplish this, GACIAC's .,-

functions are to:

1. Develop a machine-readable bibliographic data base- -
currently containing over 30,000 entries;

2. Collect, review, and store pertinent documents in its
field of interest- -the library contains over 9,000 reports;

3. Analyze, appraise and summarize information and data
on selected subjects;

4. Disseminate information through the GACIAC Bulletin,
bibliographies, state-of-tie-art summaries, technology
assessments, handbooks, special reports, and conferences; .

5. Respond to technical inquiries related to tactical weapon
guidance and control; and

6. Provide technical and administrative support to the Joint

Service Guidance and Control Committee (JSGCC).

The products and services of GACIAC are available to qualified industrial
users through a subscription plan or individual sales. Government personnel
are eligible for products and services under block funding provided by the
Army, Navy, Air Force and DARPA. A written request on government
stationery is required to receive all the products as a government subscriber.

Further information regarding GACIAC services, products, participation
plan, or additional copies of this Handbook may be obtained by writing or
calling: GACIAC, liT Research Institute, 10 West 35tb Street, Chicago,
Illinois 60616, Area Code 312, 567-4519 or 567-4544.
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